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CRISIS IN SCIENCE AND MATH EDUCATION 

TIII RSDAY, NOVEMBER 9, 1989 

U.S. Senate, 
Committee on Governmental Affairs, 

Washington, DC. 

The Committee met. pursuant to notice at 9:30 a.m., in room 
SD-342, Dirksen Senate Office Buildmg, Hon. John Glenn, Chair- 
man of the Committee, presiding k m I iphprman 

Present Senators Glenn, Nunu. Bingaman, Kohl, Lieberman. 

Roth, and Heinz. 

OPENING ST.\TEMENT OF SENATOR GLENN 

Chairman Glenn. The hearing will be in order 

Twenty-five years ago Lyndon Johnson, who had been a former 
school teacher himself of course, said, -We have entered an age u, 
which education is not a luxury permitting some People an advan- 
tage over others It has become a necessity without which a person 
IS defenseless in this complex, industrialized society 

I believe that is truer today than ever before. In fac, I believe 
that science education in particular has a role to Play in as an- 
other educator put it, "'making it possible for children not to be tor- 
eieners in their own culture." . , ^- . j * j 

Merestinglv eno-gh, the last time the United States devoted 
anv attention'to the quality of math and science education vvas m 

the wake of the Sputnik launching And "^^^''/^Thprnit c 'edu 
United States again faceo a crisis in science and mathematics edu- 

Now, why should this concern us? I suppose we think the an- 
swers are obvious, but the United States now operates in a global 
market that places a high premium on technological innovation 
Wht-n ihe United States was a colonial village, as it once was back in 
the carh-r davs. it made little difference whether or not anybody 
even came th.ough that particular I jwn from one year to the other, 
hccause the .obb'.er wa^ on one street, the buggy maker was on 
aiK.th(>-., anxl th^ c«bbaKe ^r^wer was just at the end of thf v'l age 

Then we went to where the cabbage growers were in the imperi- 
al Valley in California, the cobblers were in New England and 
parts of ihe South, and the buggy makers were in Detroit And now 
we havr. gone to where the buggy maker is 2'o percent Japanese. 
We don't even make shoes to speak of in this country any more- 
they come from Korea and Italy, and we send hundreds of millions 
of tons of food all other the world. 
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The United States exists in a global community now. We may 
not like that sometimes The long term competitiveness of this 
cou*^ 'ry will require that we -^utcompete other nations aruund this 
world in ecucation and in Idsic fundamental research. Those tw^o 
things were hallmarks of why we developed the way we did. 

More than 70 percent of the goods manufactured in the U S. now 
compete with merchandise made overseas. Consider also our stag- 
gering trade deficit, the very measure of U S. competitiveness over- 
seas. How IS this country going to be able to compete with our trad- 
ing partners if we cannot produce the scientists, the engineers, the 
technicians necessary to make internationally competitive prod- 
ucts? And if we cannot compete in the global market, how are we 
going to provide good jobs for our citizens, or generate the tax reve- 
nues 0 help clean up the environment, fight crime, provide health 
care, or defend the country. 

Today \ou are will hear ^hat too man> of our young people are 
illiterate m both science and mathematics You will also heai that 
this countr> ma> not produce enough scientists, engineers and 
technical personnel tu meet the demands of our industrialized high 
technolog> econom\ E\ery new report on American education pro- 
ducer another horro i^tui\ that has? to make >ou wonder how did 
we ever let it get to chis'^ 

The same Xation that landed a man on the moon and returned 
him safeh to eartii educates fewer than one out of every five high 
bchool graduates m the la^- of ph\sics The same Nation that has 
produced more Nobel Laureates m chemistr> than any other 
Nation lets half of itb young people graduate from high school 
without taking a single course of any kind in chemistry 

And finally, American school children are routinely outper- 
formed in international comparisons of science and .nath perform- 
ance b\ students from our chief trade rivals In fact, this countr> 
graduateis TOO, 000 voung people e\er> \ear that are functionally il- 
literate. 

Declining birth rates and interest in scientific careers amonf 
voung American people, plus increasint^ numbers of students fiom 
groups traditionallv undei reprerented in science and engineering, 
namely minorities and women, portend an almu&t certain shortage 
of scientific personnel 

Science and math education is critical to U S economic prosperi- 
ty Our factories and laboratories will need a first rate technical 
work force, and we must overhaul science and math education in 
this countrv if the next generation is to prosper in an increasingl> 
competitive world. 

First, we need national leadership to focus attention on the qual- 
ity of science and math education That is wh}/ Senator Hatfield 
and I introduced Senate Concurrent Resolution 7)2 that declares sci 
ence and math education a national priority. Moreover, the Presi- 
dent and uther public officials should use their bullv pulpits to 
raise the sta*^ure of educators, scientists and teachers in our socie- 
ty. 

Even modest gestures, I think, are called for They may beai 
fruit Just a.s an example, I think the public would begin to get the 
message if the Presiaent— any President, Democrat or Republi 
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can— spent as much time appearing on television with teachers and 
Nobel Laureates as they do with Super Bowl champions 

For my part, I have proposed that the National Science Founda- 
tion award Congressional scholarships for science, math and engi- 
neermg to two high school seniors from every Congressional dis- 
trict in the country. My bill, S. 134, is important not only because 
It would produce a thousand kids a year better educated in the sci- 
ences and math, but it also sends a very important symbolic ges- 
ture. These scholarships send a message to our young people that 
scientists are important to our economy and our national security 

Scholarships, or even trips to the White Hjuse, by themselves 
will not eradicate science illiteracy or close the leaks in the techni- 
cal pipeline. ^ . r , j 

To accomplish that we xrxx^A look to the beginning of the educa- 
tion pipeline for the source of the problem as well as the solution 
One of the greatest obstacles to getting more young people— espe- 
cially temale and miiierity students— interested in a technical 
career are the science and math courses themselves. Luckily, pri- 
vate efforts are underway all over this country to rewrite, reform 
and reuiMgorate science and mathematics curriculum It is my 
fcioal to make the.se de\elupments available to all schools and all 

teachers , , • i 

This month Senator Hatfield and I will be introducing legislation 
that would bnds'e the gap that now exists between the Ivory 
Towei. laboraturv-uke settings where science as math curricula are 
trequentlv developed, and the real world out there where it is 
Taught Our regional consortia would bring state of .he art science 
and math curriculum to the attention of the Nation's classroom 
teachers 

Senator Hatfitld and 1 will also propo^^e the establishment oi a 
National Clearinghouse for science, math and technology edi ion 
materials Its goal to provide a central library and a databa-.c ot 
the Nation's model scitnce programs 

Now, I'll close niv opening remarks by quoting one of Americas 
greatest writers, and interest ingl\ enough, a person who had very 
htrlc to! ma! schooling Ht- said, 'Out ui \hc public .chool grows the 
UM\UfU'^s ot the Nation 

U was no joke he was trving to make at that time i he man was 
Mark Twain, of all people -Out ot the public school grows the 
ujreatness of the Nation," 

It that isn't as true toda\ as it once was, then we have let our 
voung people down Somewhere along the vvay our generation 
iorgot what made this country stand apart from others We now 
hav(* the re,•^ponslbliltv to prepare succeeding generations to be able 
to excel in an increasinglv technological culture, and it is our 
burden to irp<n^ th(* school- 
So, that IS a rather lengthv opening statement, but I think it sets 
the stage U^v the experts that we havt^ here todav 
Senator Kohl? 

OFKMNG STATEMENT OF SENATOR KOIIE 
Senator KoHi. Thank you, Senator Glenn We all commend you 
for cnlling this hearing, because we ail care deeply about the 
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future of science and math education in our country. Obviou&ly, 
there is nothing more important to our future than the education 
of our young people. The failure to reach our young people through 
education has reached nightmaie proportions right here in our own 
city of Washington, D.C 

What do we read about our young people most? That they are 
dealing death to each other with bullets and with crack. And yet 
the economy of the Washington area is booming. There are thou- 
sands of jobs available out there. Unfortunately, these kids just 
aren't being prepared to get these jobs. They don't have the math, 
science or technological skills They aren't learning the skills, and 
saddest of all, we are losing out on th^ir potential 

Thtre are young people out there cutting raw cocame with 
chemicals from the local hardware store They are manufacturing 
new highs and new products by soaking marijuana in ever chang- 
ing agents, and each of these new drugs is more addictive, more 
deadly, and less costly than the last. 

How is It that we have failed to tap that ingenuity, that sense of 
experimentation'^ F jw is it that these kids who can measure grams 
and kilos and ^an figure out complex monetary transactions cannot 
pass a simple math or a simple chemistry test? 

With the right kind of education, these streetwise kids who are 
DUilding marketplaces out of their neighborhoods could be contrib- 
uting to cleaning up our environment They could be developing 
chemicals that sa\e life instead of chemicals that take I'fe. And 
the\ could be working wivh large database computers instead of 
dropping quarter^ into arcade games or pushing cartridges into 
Nintendos 

With jobs in hi^h technc)log> firms thev might even lead Ike wa> 
to a new future fur themsehes and for our countrv With the right 
skills there i!> a whole world of opportunitv that doesn't involve tne 
life and death rtsks of the drug market, and . ev can make a 
decent and honest living 

But thit> IS not a problem that is limited to urban areas like 
Washington, DC, nor is it confined to any socioeconomic group 
The stats we have all heard bo much about tell us that the prob- 
lems of math and science education goes beyond the i&sue of the 
disadvantaged Even the high school students who do best in the 
United States rank poorl> compared with other countries, so it is 
not just the poor kids, but all of our kids who need better science 
W<' have tO boost our best to meet the increasing demands of a 
changing global soc»et\, and the classroom is the best launch vehi- 
cle available to lift our kids and our country into the future 

And so it IS ve'v appropriate, very meaningful, very important 
that we have these hearings here this morning, and fm looking 
forward to hearing testimony and asking questions. 

Thank you very much, Mr Chairman. 

Chairman Glenn Thank you Senator Binganian, do >ou have 
any remarks'^ 

OPKNINO statp:mknt of sknator bin(;aman 

Senator Bingaman Thank you, Mr Chairman I do have a state- 
ment I will put in the record 
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Let me compliment vou on holding thxs set oi hearmgs We are 
T week^ from a lunv decade, aiv^ U eMtirelv api^ropnate that 
onre arain ue trv to reinvigorate ine Nations attention to educa- 
tion, and in particular, science and math education Your com- 
ments about how public officials, the President and others could do 
a great deal bv merelv highlighting the importance of teachers and 
Nobel Laureates in our societ>, rather than Super Bowl champions, 
was excellent 

Mv father taught college cheinis^try for 4r) years, and he always 
hkea to sa) that ''Football is to education as bull fighting is to agri- 
culture And I think that is another way of saying the same thing 
I appreciate the chance to be here and look forward very much to 
this excellent testimony 

(The prepared statement oi Senator Bmgaman tollows 1 

1*RM'AKK:> STAII-MFNT (H SKNATOR !ilN(.AMAN 

Ml rniirnicui I uam u>inmend m)u for holding this htMriii^' toda.v ami (or 
bnriLMnu iOilvXhvr -uJi an impri'^vsive md kno\^ led^^hk* ^^mup of ^^\Uw^i'^ Ihe ex- 
pert- vMll he.ir troin t(>da> have much to teach ub, and we in the C or.^'resf. would 
do v^ell to hsien oaretulU to Miem and heed their adMCe . , . 

We muM listen and. more imi>ortantl> ue must take .iction We must take action 
hrcaase it we do not- it vve conlinue to u^nore the warning -hot.s that are exploding 
.dl around u.~-our natuMi will sutler >uch damage that it likely will never rcnrover 

Without question the need to -mpro^e our nation s science and malh education 
.vstem uigent and inu>cTtant We MrnpK mu^t gue a higher priority to remain- 
mg a u(^r!d leader in >>ucMKe engineering and technology And we cannot do this 
\Mthi>ui giMng an (qualU high piiorit\ to the eduvalion of i)ur children 

I FHK s( JI-N( ^ AM) MAl H < HAI I 1-N<.h 

Ihe imiH.rtan.e ot .cien.e and te.hn<)log> in our imKiern world is indisputable 
When the histo^-v ot th- JOth ee:Uut^ i- untten I belle^e it v.i\\ bi' recorded a^ he 
Mntui% in v^hkh -uence and tc-.hnoh.i^v diamatKall> and jK'rmanent.v altercHl the 
u\e.s <it all t>t mankind ... a 

None ot us e>agger.aes nhen we s.n that the nations that lead in 
technologv wdl lneMtahi^ lead e.oiumi.. dk and mihtanU a.s ^ , k i !i . 
the nations \^hich tali behind it. s< uMue and technolog^ also ^.lll tall bi^hind eco- 
nnrnicalU and militaril> , , . ^ 

But it 'is important to rememlvr a omnt-^v that leads in science doe^ not sin.p|> 
pPK.uce Nobel laureates That is rni\ p.irt ot the mea.surement of success 

.\ u>ui.lrv that leads in science must aNo lead m applying new scienlitio kno\M- 
edge m putting nev^ te-hnologv to use And for a country to lead in applying sci- 
ence -t mu^t have a reas(,iiable level ot general scientinc competency within lUs 
eiit. re population . ,u 

Mr Chairman guen that \^e all agree on the import mce ot scienu- and technolo- 
gv to our nation s tuture economv and tuture sftuntv ! Iv lie\e that \^e must Ivgin 
t() st»riouslv address some obMous questions 

How are \^e doing ^ 

Are we still preeminent a the^e fields* ^ 
\re v\e doing \^hat we should to mcunlain a leadership [wsition 
I nfortunate.v. the answers to these basic questions are not eiuouragUi^ 
We are no longei preeininent in many key fu Ids of science We are not taking tru- 
st ep*- we need to take to maintain a leadership jwsilion 

In his book. The Business of Science. " Simon Ramo traces our country s jxTtorm 
ance in science and technology over the last three decades 

In the VMK Ramo writes, scientific preeminence wiL< a major national goal 15y 
the end of the decade, tev^ doubted that the US led the world m virtually all areas 
ot Kientific discoverv and invention The launching of Sputnik by the Soviet^s and 
the national commitni >nt to send a man to the moon were major factors in our 
drive for preenu nee , ^ i t ^ a 

Throughout the U^TOs we continued to lead But by the beginning ot this decade -- 
the liW)s-our lack ot priorities anc' our complacencv with previous successes b€>gan 
to take their toll 
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And tht* U*^OxHr-iv\ \v a ».1i>m ^inu>n i^aimt .i^^^*v^nu'^t ol uur im)^iU >n i^* m> 
be»in^ \{e >\ii\o> so mam others hnvt' :il o stnt«»d 

In recer» dotados tht' riuted Statt'.s ha> io>t it^ p<)>itiun ^lobiil ^hanipiun in 
tt'chiiul and htl^ bt*(.uii»i an awra^t portoriiuM -^inrjin^ vunic u>ntfsts but loMh^; 

/It* 

Whal h.i> hapjx'n«*d ^ 

Van of uhat ha> h.ippt'ia-d k lhat liw i\KU^ on s^uMut' t'n^Mnt'tTiii^ atid ^^hnoli»- 
K\ . <Ahjch chanicttTi/fd puoin ^cntun -nt in he hn^ Ix'tM^ lox 

Wt' htiNt* aij iijhfretil bt-ln't a> Kt>n.iid Kt'a^iin said m> ttitt-n during bi> pnvsidtTu \ 
{ii\t*n »i U'\v\ pla\in^ lu'ld AnuTuan^ i.tia t)ut ^nrlvirni .iiid u.it ^o»ntH*l«* an\une in 
tht* \\orld 

I'ntortunatt'lv , vst* hsi^ aliovstni lhi> sell-ctitifidrrict^ to |H*nsuadt' ii^ that, unlike 
other natit>n> we do iu>t rn*tKi to set national priontitvs or ^n>al> Wt* du not nt*t*d to 
nuik«* plants to aohn*\t* our ol)j»>cti\t*> 

Wt' falsel> bt*lit*\t* lhat btMn^ Hit' ^mjiKI iradt*t is our '>i thri^^ht Wt* it*a\i* the 
pl.innin^ rind hnrd work toothers 

It tinit* to lor^vt abtUJt birUiri^h's and tn \\oir\ lur ^^h.^t vse dest*r\t* .luM a> t>ur 
parents and ^randpart*nt> \AorKed \<> lu.ike Uus ouintrv ure.il so tixi niuxt vse ssork 
vV e nuhst or.u* a^Min Uu Us on ^riMtin^ .»nd inipnnuiu tht' tt*c hnolo^i*. .il b i>« needetl 
to ix' a uorld *.l4i>> economn pov^^*r 

11 my s<ii I HON 

1 am ho(H'tul Mr rhairniati th.it tt)d.i\ s ^sitnt'ssfv uill help us shar|x*n that 
Ukus Uu* on^n*ss tuH*ds ifus as%istarn.t* U'wiust' I beiie^e it vsill bv to us - the 
nu*nUH*?s o| the Hi)u-e and tht St'natt to^etfie? vsith the states- to takt* up th^^ 

I hu[H* I ani vsronu but I dt> not lx*he\t vst- c<iii re,ihstii.alU t \[K*n tlie adniiiiistra 
tjon to do muc h ol \\h,i\ ne<*ds lo be dt)ne 

In la*.t, during thi> detadt the greatest taiUire lit itsidensJiip we h.iW expenen^Hi 
in s<.ifiK't» ai d rn.itli education h^i.s been uithin the <idniinistration 

\s M>ii rtxall, thi>dt*tade be^.in with Hunahi Heauttn s pU*d^e to .ibnhsh tht I S 
Departnu'nt ol ^.diuation 

The ptiMtion i U*arl\ uas that U*deral in\t)l\ enietit in t*duvaMoa shiuiid be terna 
nated. or at least substanliail\ ii'Uinished And it ua> 

\ hopt* that we iaii turn this trend .i. >und With \our ^Uiidance. Mr C 'hair man 
and With the help ol exjH'rts like thoM* ^lathered in thi^ nH>ni ttxla), I tH*lie\e vse ».an 
turn thi> trend .iround We can recn^ite a system where tht ft»deral u^^vernnienl 
Will once a^aih work lU partnership with states t help meet the ihallen^e to >Ui 
c't*t*d in the scien v.s 

^' ' *d. We can alrt*.ul\ jxtint lo M)n»e sUice.s^es In nn home state ol New Mexico 
lur example i Scienct^ .ind Tet hnt>lo^ V'lianie ha> been lorgtHl bttwct-n txJuca 
tional mstitutiuMs and our national la^x^ratone^ 

Throu^fh the Ai'ian e New Mexico^ Mi^'hland.s Iniwrsitv and Luna N'ocational 
Tevhr.icul In.s'iitutt '<i>e juint*d with I/js Alanio> and Sandia National Iv*iboratorit*> 
tii pursue a pro^^rani iH>n.surt*d b; the Department of Kner^'\ that will help increase 
i rucialU -net*dt^d miMOi'tx representation in the Depart- u*nt*s h^ientifk and enj^i 
ntH*nn^' pro^'ram^ 

Another ^uctes^ in \ew Mexii o us the estt^ohbhnient and in> i^^oratin^^ contina 
at ion of the (enters ol I ec brumal t^xcellence at three ol the state'.s umven>itie> 

But cU*arl\, we ciinnt>i stop the.e We mu.st strixe for more I believe we all .should 
Ih^ workinj^ toward four basic steps, -ind I wuuld be int' rested in the witnes,«,et, oom 
ment.s about these core stej» 

First 

We need to develop ti better method lor measuring and assessin^^ tht- condition ol 
science and math education nationall\ and anion^j individual bt.iteb. Ironi vear to 
Vv*ar 

Throu^'houl a recent set ol hearin^\s on the quality of our nation's education inr.r 
mat ion and Matistus ^atherin^ efforts, which I chaired in mv capacitv iis chairmar 
iti the (luvernmerital Affairs Sulxorranittee on Governmtnt Inforniatun and Re^^ula 
tion. I hc've bt.*en struck bv how incomplete and fragmentary our mfornu** lonal basc- 
is 

We need to know the U*vel ol effort in each scho<)l 

We need an objective appraisal of how much our students are learning from vear 
to >t*ar 

.Most importantl). we nt*tHl to know tht* condition of our U*achin^' lo.ce. whi*.h is 
given tht* difficult task ol instructing^ our thildien in the e subjects 
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t\i>v<i io H(*t vonit* rc.ilwtK hu' ambit lou^ ^o.iN ior \Uv iu-\i >eat- and 
U-Nond Mte/ dt'termiMin^ uhrrc \^»' an- tcH^iN ^^t• lU'cd tt> u^mN -not onl> U> 
iruTcasf haMs kiumU-dk't* ol math and ^wt'Du' but to hmIU lu Ip -tudrnt^ uho uill 
pursue career^ in the>t* fu'io^ 

NationwuU- ot t*\t*r\ 1 tHHi pt'oplt* \^hi' 'aiH ^:r<idu.itf Ironi <o\U"tH thii> \far 

onl\ «iboiit se^^*n nmU pursue a i.irt'tT in ^lumiu* cr i J.^intH'nni; 

In ('n*rman\ xUo U^urv w J"> out <>( i (MK> 

In J«ipan it is ou\ .)t 1 "H»n 

It iv no uundtM that art* U^inu ^fund in our u»ni|H't it ion with (hoM- nation^ 

\\v nct'd to impn.\t tundiim U" i.» tcaLhin^: ot tht-sr \'t«d su )ira> We nt-d to 
t nvurt* adequate xjiaru-^ tor \ hr \ p'«* uho d(^ that tt\nhin^ 

Fourth 1,-4 
\Ve net'd to ^ontmut- dt-N t'lopm^; mno\ati\t \\a\- to. oui -tudfnt> to bfnctit from 
th«* vuiM\titu taU-nt .i-ad tht- trf;iu'iidou> !v-rauh <ia'\it\ that «Ai-t> Mirou^hout our 
oHiatr\ in \ vtatt* 

Yhv U'^i>lation nou pru;H)vr Mi C'hairm.in vs '1 ,o a \on^ ^^a\ to\\ard rfa^'hin^i 
thiv^oal -inipi\ mu-t voordiiuiU- hd«Ma» rducation .tfort^ and n(tN\ork our rv 
vouru-x 1 Htronk'K -upp*'rt \"ur lf^ivlati\f -u^^vx^lo^> t.« kon\t'nf an intcrajV'ncy 
.oninntttH- olttVtMal nuxM.)!! akt'nut-^ t.) uK^rdinatt- si u-iu t* m<dh and tti-hnoloj^v 
«*du. alion at lh« t«-df!ai U-\i 1 an*! to t-Mablisb rtmonal netuorkx of u)nM)rtia to pro 
\uU vhool- \Mth > iii\ '.M-dt'd i--^i-'.arut' a^ ihf\ undt-itakf krilual r^'fonn fflort> 

111 « 'NM I sinv 

M, ( h.i ' • I'l 1 I'll iWAt^ \in\ ^fl!mu uo.tl- ind pf .oritu > >[jark> ar^umcn! 

^oTTit ^mII i^^r.M tht' pnontit'- ! hi\r hr'-n\ do-^idx-d ()thrr> uill disa^jn-f 

Hat Tht* ,ilt» rMali\t to -t-tiiiik l^'*'^^* fMioritu-v i^ unthiiikabU> It i> to konluua- to 
dntt It ^> i.'iitmuf to ixxt.Mio thai \\in rt-rnain a ^^urld U'adf'' \Mthout making 
tilt knui oj ^on t rtrd t-tidil utht r t uunl ra ^ ar.Hind v^<>i Id <iif in.ikin^ Or it i^ t'> 
txMinit* th,it nn.i.la'inn^: .i aodtr^liip fH)vitMn in \Uv^* lu'ldv i> m.t ini|H)rt.»nt to 
"if ou:''t\ - tuuirt 

1 rt'unt .lilt't ihr^t ^ut:^:t ^t i'>i'^ 

1 tH4u-%t't>rr *uutitr\ ,aii niot t 1 ht- Jit.Uti.* I l»» lu \i a. wtn In- a h*ador "n tht- 
"ii^oin^: s^.i'iititu rt'\olution 

K<iu \h' a It-adt r d v^o m riou-U .niuMnt ou'^tht-^ to u(ukin^ |><-r>ist* d!\ and 
rtatj\t'l\ t.'%% ir<i Mu- Miti..na) ^o.-l 'Ailh uuidafUi >t thw.*- ht-n t^nia^ I am 
. n*'d»'i>l !ha' ^^^ .h hu'\t' '>ur t,'uat^ ! hank \ou 

Chciirmaii (Jii-n.n Th<ink \(>u Senator Lieborman*' 

()I>KMN(. STXTKMKNT OF SKN \T()K LIKHKKMAN 

Senator LihBtKMAN Thai's a toui^h one to follow, Mr C'hairman 
1 al>o thank \t)U tor con\eninK these hearing's, and may I say it 
^eems particularU appi opriate, hist()ricall\ , that you are *-king 
the lead in direct in^^ 'the attention ol the Con^'ress and the people 
ot the United States toward the gaps that we have in science and 
math education The last time we vere faced with this sense of a 
technical and scientific gap in our knowledge was after the Soviets 
launched Sputnik And you, obMouslv, were at the lead in Ameri- 
cas response to that challenge. 

Today probablv for the first time since then I think we have a 
growing sense of t)ur science and math illiteracv and the way in 
which It af^^ectb our international standing When Sputnik went up 
we were terrified because of what it said about our ability to com- 
pete With the SoMets militarilv Todav we are beginning to be 
alarmed—alth »ugh there has not \et been anything quite like 
Sputnik to jar us ato action- about our ability to compete eco- 
nomicall> m the world, particularly with the reborn nations in 
Asia and Europe 
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I thank vou for your leadership and I hope as vou led us out of 
that crisis you will lead the Nation from the United States Senate 
out of the one we are in now. The reality is that the American 
people understand the threat. Tm sure you saw the poll that came 
out this summer--!, frankly, forgot who did it— that said that more 
Americans were \\orried toda> about the threat of economic compe- 
tition from Asia than they were about the threat of military com- 
petition from the Soviet Union 

While there are many things that we have to do as a Nation to 
better compete and maintain our economic predominance in the 
world, such as increasing new in\estment and increasing savings 
and increasing motivation, clearly one of the things we have to do 
to compete economicallv in the world is to mcrease our level of sci- 
ence and math and technological awareness 

I have a statement that I would like to include in the record 
which documents the various sad statistics of how poorly we do 
relate to the other industrialized nations of the world in our sci- 
ence and math abiht\ Ym reminded of something that President 
Johnson said. Mr Chairman, which is that "We must open the 
doors of opportunity but we must also eq,uip our people to walk 
through those doors " 

^ think Senator Kohl has very accuratel\ documented the fact 
that there are manv doors of opportunitv open in this country but 
we are not equipping our people to waik through them I hope out 
of these hearings we can come up with some ideas about how we 
might better accompli>h that and better maintain our economic 
-^^rength and thereov the basic standard u\ing of most American 
families 

Thank vou 

ilhe prepared siaten^ient oi Senator Lieberman foilow> , 

Mr rhtirmctn not ^m^e the P'y^^l launch oi the .Sniet SptUnik ha^ there 

bet^n ^in.h an intor.be UH.a^ Dla*.ed on the dt^,re<l>ln>c tethnical and -^^lentific hter 
aL\ i*( thi^ countrv s voun^i people In '.'♦'>T the f^xus iAa> the result of a cunten- 
tiou> nAd war relatiunbhip \Mth the S<)\-et L'nion In il**^ ' find ourselveb lAilh a 
Mmilar focus, bat ihi^ time ai> the result ot the declining abihtv of the L'nited State> 
to c'MTipete m the glo^^ai marketplace 

Mr Chairman economists and economic indicatur^ >a^^est that the L'niti'd States 
mav be iosin; its global economic prtK^omi nance, arid manv as^sijciate this detenora- 
Mon With the decline of our educational svstem For more than Jo vears the Tnited 
Slates hab experienced a lower rate of productivitv growth in manufacturmg thaii 
Japan West fiermanv, the L'nitea Kingdom and other Eiiropean countries Similar 
Iv in rt»cent vears I S ->tudents have been out performed bv students from Japan 
West (jermanv, and the United Kingdom in virtuallv everv major abses&ment of '<i 
ence and mathematics educational achievement 

We must recognize that excellence in education is the foundation of econ »mic 
growth I vehenientl} agree with those who argue that a greater commitmem Uj re- 
search and development, an increase ip. the national savings rate, and elevated 
levels of investment are all indispensable component^) of expanded productiv it> , but 
've cannot hope to improve <jur global competitiveness without first addressing the 
training and preparation of our future scientists, phvsicists chemists, and engi 
neers 

A recent survey b> the National .Science Ttacher^ Association, which is represent 
ed there toda>. concludes that of the 24.000 high scKiX)ls in the US. percent 
offered no ph>sic^ lourses. IT.'/ percent offered no chemistry, and approximately " 
percent offered no courses in biology " Additional! v. surveys suggest that only 
of US students take biology, M)^r take chemistry, and only l')^r take physics' 



ERIC 



In maihemaiK-> iht» Naii^nai Research Council reported that non I' S citizens 
whu take the (iraauate Record Examination in mathematics average 100 points 
higher than U S stuaent&, and that the mavhematics achievement to the top o^c of 
twelfth grade students is louer m the United Sutes than in other industrialized na- 
uon^ The average twelfth ^rade mathematics? student m Japan out -performs 95^ 
of comparable L' S twelfth grade students 

Although not direcilv relate-i, I recenilv read an article in which the author com- 
mended a hi^h school for >^.ing the first public a.hool in Connecticut to add a se- 
quential Japan- ^ program to ther permanent curriculum Next year according to 
J>^»^ ^rii.'U off cials hope to expand it to a two vear program Programs like this 
should be the norm, r.^: the exception, if \ve are to compete in the global economy 

In order to improve ou' *ti*dent^ educational achieve»nent. particularly in the 
area.^ of ^lence and math, we must look at our entire educational system We must 
review the curriculum, the m^tructorb and the wavs in which we motivate students, 
e^'peciailv tho»e stjdent^ who are most iikelv to drop out or otherwise ignore educa- 
tional opportunities 

It Li alarmms to think ot what i> m store fur the future vshers estimate^ surest 
that on!;, 1^ of the Ja^* of 4 million hinh school sophomores fron^ liCT— just T«H) 
•it^dents— will receive doctoral deijree> in >cienLe and entiineerin^ in 'M'Z There 
-'^d^i be a Aav to keep more than J^^r of our ^tudent^; in the <cienc^ and en^meer- 
.n^: pipeline a:f iT is often ca!ied 

Fina .V Mr rhairm<jp ^resider.i 1 vndon John^>n on..e said that vve must open 
^*-f dix>rv r ^pportunitv But vve mu-t also t-quip our petiple to walk through tho^e 
cj.H.ps We ?p€-nd .i »ot of time deiibt^ratink: v^n gro-«th and opportunitv but we 
•-areiv consider trie r^-q^.^'tv v«>nrii>;nenli- :u*c*-v^ir> to achieve >uch ijrowth Clcaiiy. 
--xttije^ce in >v;ep r- I'h ♦ fu' netTin*: xvd :t\hp<''.o*:v :> an mdispensiible part ol 
•^.i* •'•'-muja 

C'hairmap wlkn.n Thank >'^'U mu(.h Senator Hemz. an\ com- 
u>*ni ' 

Senator Heinz Mr ('hairman. thank you I have a staiemeni 
v^hich I would ask unanimou> :onseni be put in the record 

Chairman ('.Lrxv W.tbou^ >bjecuon :t wili be entered in the 
record 

()PKMN{, ST \TKMK%T OF SKNATOR HKINZ 

Senator Heinz I certainiv join our colleagues, Mr Chairman, in 
v<.mmendinK \ou ^*n holdinli lhl^ timeiy hear?ng I will not take a 
lut of time except to obsei\e that most of us share the concern ex 
preb^ed b> the Senator fiom Connecticut, Mr Lieberman and 
ulheis about the abihtv of this countr\ to com,>ete To oversimplify 
It >ome%shat. there are three factors above all— an economist will 
*ell >ou— that are ^oing to determine this country's ability to be 
Mjmpetitue The\ are labor, management and capital. These three 
♦actors when multiplied together give vou economic success or fail- 
ar^ depending on what the particular inputs are 

In terms of laboi. there are real!\ two components that deter- 
mine producti\it\ One, of couroe, is intangihif —motivation or atti- 
tude—and tlie other is education In our increasingly technical 
Aurld there is nothing more important than having technically 
trained minds In order to rnake li possible for this country to be 
for all intents and purposet> effective in international competition, 
wt* must begin educating our young people, technicallv, at an early 
age— if not we are at »*i:5k of losmg a great deal of human capital 
jx)tential 

So I think this subject is essential and \ital and I am delighted 
you are holding it 
(The prepared statement of Senator Heinz (ollov^s 1 
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Prepared Statement Sfnator Heinz 

Mr Chairman, I am pleased to join >ou thib morning for this hearing « .1 science 
and math education 

It IS rather sobering. Mr Chairman to add up the recent findings from a vanet> 
of studies and reports asssessing the critical thinking and technical skill level of 
todav s students All of us here undoubtet»l> concur that we have t>efore us an 
alarming scenario 

The numbers discuuragmglv illustrate uur Nation's deficit m the cnticai techno- 
logical areas* reflecting mo>t American* are mathematicallv and »cientificall> illiter- 
ate 

NATIONALLY 

More than o'-e-quarter uf ear-olds fail to deiiunstrate an adequate under 
standing ot the content and procedures in elementar> !>ch«x3l math .Ow&snxidi m 
Amenctin Education '1 Educational Testing Service] 

In science classes, V.''^( of 11th graders and ^O^c uf Tth graders report ne%er being 
asked to write up a sCK*nce experiment i;idependentl> X'^^^^'^^ American 
Education. 2 "^i^. Educat'onal Testing Service] 

Of ^he N3tu)p. 5 i4JHM) high schools, -9 kr^t did not offer phy5>lc^ ^.uurses, IT o'^ did 
nut .y^.^r chemist r> classes, and "^'7 did nut jffer bRlog> cour>e National Science 
Teacher Association 19^^ 

•\ out of I American.-* >tup >tud>ini: math bet u re completing career job prerequi 
sites Eier^chxl "nunf^ National Research Council ' 

Few \oungstcr> c<in a>e math tu sohe e"er>da> problems ^Thi .Xlathematu^ 
fit'p*'r* ( ard NiMunal VN^^e^^fTv.*f\t of EducatK lal Pro^rt^^v^^ NAEP . r> 

INTFRN ATIO ,AE I \ 

Thf top ,\ av ii^'b ^^udent^ ^on* .it the .Iap<ine^^ axervige ' T -^'f f''r 

Xmer'vd *r St*' .Witi-i'-a Fd'K.it.*'?. N'»rm^ D> IX*npi^ V I)<>\lf LA T;rr^'s ^'pi*'ni- 
ber '.'♦^t* 

In Kure.i ot ^ >-\ea'- t'ld.-* ^aa use iMtermediaTf rr.ath ^kil.> to *-<.iwe t\^()-step 

pr<)Oien> tomp.ired t<> -mU 1«> "i ot their .ountt-rpart,^ m rh«* V ^ A W,trid i*f i^ffe^ 
e^uei- Kducatit^nal TeNjin^: S<TMce 'I«muar> 

X^^'^f of Kurea ^ i. ->far-old siudent> understand riUNisurem- ^ t and ;;eometr> con 
tept^ a.nd are ^U'vCe^-^tul at x)jMng even nure tumplex problems Les^ th<in 1"*7 ut 
*h*>s^' Him tht' rS have the ^ame skil' ie\e» * Wurld .</ Differeme^ Educational 
Tt*stini: Ser\ !v.v .J«inua''v ''♦'^'^ 

More Than Ti ot the \ Ive.f-oH- m Br-ti^h (**> jmbut and Korea can use scien 
tifu pr<x^t*dures and .ma'v/e s^u-ntitK dat<i whi'. u\\ T.-pK^, of their peers in the 
rS *demu^^t^ate the ^a me d'.^^ree Lumpvterun .1 \\',,r^d lht}enrue<. Educa 
non«ii T**^;ing N rMce J<muar> 

Student.^ m the L n.tH Kincjdom rt-port th*' wn^* ^ ind^-on >cience experiments 
md fht»e m the TS rej>)rt the !e<i.-*T in\nU*^m<*n^ \ rUi Ihftcrcmvs Educa- 
tional Testing Serv ico Januarv V)^^^ 

This Mtuation is .'nl\ exacerbated b% the taa '>t '»ur \a>x\\ ».h.*iig'ng, high-tech 
»^iob«il m<irket pl.ice The future of pro^'perous econuniK ^r'^^^tb ana our Nation^ po- 
MM»>r m \M>rld markets b^ determined b> our abiiu> to provide tntellif^^nt lead- 
ership in <inaKtical and technolomcal fieldi' 

In iddition to this America demographicalls is expt riencin^ <ind will continue to 
e\pfri»-n<.e a ♦emini/ation of ou- workforce Immigrant.^ and minorities will also 
'» ike up .1 greater share o{ thp lal>or pool In light of this f r<in->furm«itum our educa 
t»t»n<il ^v*-teni mu.*-t Ik' evjuipjH^ to meet the ch<illetige of providing the necessarv 
^ki'N re<Kh all those to integrated into our workforce 

H»*sp<>nding to our Natum ^ technology ^kill deficit wili need a nuiltifaceted ap 
proa h on all Ironts xm I'id.n^^ Feder.il state s<.ht>ol district leaders liK<ii >ch(X>ls. 
<ind ♦'ducators 

Withm Pennsvlvanui I have discovered one ^uch math »niti<itive which I want to 
highlight this morning for the.r fine efforts 

Or Hegina Brunner and ('h<irles Chapman math edu(.aturs .it Cedar Crest Col 
legt> in Allentown. Penn.sv Kama have designed o u rv successful grassroots pro 
gram to encourage seventh and eight grade girls tu ^tudv math and to assi.st their 
teachers m dealing with the technological e.vplosion in tht 'assroom 

t edar ( r*»st an independent liberal arts college with <i proven track record in en 
couraging women to pursue math .elated careers became ri^htlv concerned w^ith uur 
Nations overall declining interest in math This decline is llustrated bv the f<i( t 

ERJC 



11 

that m iy70 more than 1,000 Americans earned doctorates in math By 19j*8. the 
figure had plummeted to les than 400 Also, between i^f.^^-f^d J""^, ^^^ll 
fifty-one percent of the doctorates iti math awarded in the United States were 

''*"^t"hCon^"rthT.t^o'^atlve p.o^am developed by Cedar Crest College "Math- 
l onn reoresents a two pron^; solution to focu> on the changing teaching methodoio- 
maKd to bring more women into the equation dedar Crest College is an 
Se institution becauiof the proven track record it has m the ^j-^.^ o math and 
related studies While the number of students majonng in matn and related tie ds 
ha^^lmeS nationally during the last 10 years, the number of math and computer 
-science majors at Cedar Crest has increased. . . ^u*u 

•■ZhC^nn 8>V was successful in reaching more than 200 seventh and eighth 
grade school girls r.nri their teachers from :« schools The studenL<! met m smaH 
^oups to iearn a'^ut msth-related careers and improve their ^'^■''^ ^^^""gh p-o^ 
lem d^scoverv s«5ions During the same time, their teacher? learned about the u " 
of technology w the clas-sr-om and motivational math techniques for use in the 

"'Tn l^^ht of the success of MathConn ^r. plans are well underway for MathConn 
^0 wTth ar. increa-'v-.d number of partic.pants Community initiatives, surh as 
MathConn will contribute greatly increasing the math and ."elated skills of our 
.oung people I complement and commend Cedar Crest College on the r^pons.ble 
leadership with this p.ogram to adoress the needs of our ever expanding technology- 
oriented learning environment and workplace 

IdiStional reform effort.^ supporting our scientif.c enterprise "^ed tx. occur at all 
levels. Federal state a;ia local Such initiatives must prove equal to the challengers 

^^TSr±:flr':^..h^con-.ment. our distinguished P-^hst. for the r 
expert insight a. t,. h. we c.^n emrc./c .ur learning entt-rprise for the education 
-his N"ati')!i<- futj-e p<X)l of -cienti.-ts and tochnicans. 

Chairman C.lenn We a.so have a statement from Senator 
Sasser, who could not attend this morning, to be placed m the 
record at th;? tune ^ , 

'The ptepaied <tattnu-!it of Senator Sasser tol!ow> , 

V I >-ari.i'> M..-.'H-^ * -nini.'ti-.- an-i dr'm .•a-.-hed tfu.-t,- 1 want to 

••a;., .r'v -oi'oat..,- -.-iat.- i,U'.-. .n-^ S.T.ai.T H.itfiHiH fo.-- their leader>hip in 

'■''rar'utur.'''rT,-r".e..-.e<- d,-v,,^ . .-d to our ability to win the battle for sc.entif- 

tn.l '.vh-„;-c.. 1 -n.f>et.'r. ■, V-ulr^r. i,- o ir iarc<-t ind.!.,ty Farming i^ a 
,nM ,r bu' r, L.-hmW.- I- l'-" I-'. - agr..u!-ur.i exiyt.- wer.^ more 

..■„- rr ,;h. ■ i- .rrunu '.r.l a.'nhasw,,.-^ r.a, l>e..n revolutionized by U-<-nnolog% 
.."nu' W . ..n-m.ie u. ..ruggU' -<'--i'i>^^t ""^ l^rm.ng bu..r.e<^s -n ^ way 

•h-it r.pvj.jctn, ,ost eln.-ient, -afe ana <.,iMr<-nmentally bound .Sutu-bh in a., oi 
toeM ir -. ^eix'iid- <Ti C'.r.-.petcn.v in -Ci.'ncc math and technology 

re, • • se. . a -lat,. Zlh a heav^ i-ue^tment m applied technology manu 

i-.c'.r.ng Ir, M, n e T-nnes-.e.. wi have \..-.-au Saturn an.i Ford (.Uihb In hab. 
I ant^'te we h,..e -Mca IndoMres and K.w;man Kodak hr.m Memph.- fennes 
^e'. Federal Express manage.- a woildwi-ie neiwork ^ _ 

I... x,r.an' -uen'-' ■ a'l.i techn,.l.>^:,. al ir novatorv hav" heir home .n ien,-e.s<-. 
RidrNat...r...l Uhoratoru^ ..,1 the lenne-see ".allev Author-y ar. among 



' W, ire K„ad -he Tenne-.-ce rr.. r, and women wh-. make up the .vorK^orce for 
•r.e," Vre,-. v du-;Me> 'Ae a-e r.ani at w-rk m T-nnesb.- to =trengfien .ar ed.u 
, onal svstem 'o nieet ihe .^edb of our .tudenlb and our "conorvc f"V,u..d m cont t 
t on on' gef.ng r ngp: ,he first <ime in the pnnwy grades ha» res It -d lo contm 
mpUVnt.,.. .0 saonce ard math standardized te.s- srcr.s In enne.se,. 

o,rl ^ri.ders ,red the THth r,<.rcentile m math -oniputalion ..rul fiati, in <n.A\. 
in-.|.a>tion or. the .-sto> f )id te ' We a-e striving to improve auub, tb.- bo,-rd 

i welcon e the t-s'ui„.nv of -hes, !isti.igu.shi.d nitnev-eb ! thanK sou for taking 
me e t . o.m ■ io.i -,v ,..-,d le-,d v,<.- con-.dera "xiH-rt.-^ to the-, prc.-ed.ngs 

Tha-.k \xi Mr < ^ "-n-, i i 
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Chairman Glen:.. Thank you much Our first witness this morv 
ing v.ill be Senator Hatfield. 

Senator, we welcome you at the hearing and, in fact, after your 
tebtimony if you wish to join us up here on the podium and be part 
of the Committee, why we would welcome you to do that. 

I want to thank Senator Hatfield for appearing. If it^ sounds, 
from what I said earlier, as though he and I are singing Trom the 
same hymnbook, I think there is a reason for it. We have been 
working together on this issue since last spring, i am proud to be a 
original cosponsor of his resolution declaring science and math edu- 
cation a national priority. And even more important than that, I 
feel we have been working very hard on our major science and 
math education initiative. And he and I both feel that we 'lave a 
proposal that could make a real difference. 

So I want to commend him for his very interest in education and 
his leadership on this issue. Thank you, Mark, and we look forw^ard 
to your tetiimony. 

TESTIMONY OF HON. MARK O. HATFIELD, U.S. SSNATOC FROM 
THE STATE OF OREGON 

Senator Hatfield. Thank you very much, Mr Chairman I would 
like to have my statement placed in the record ^ 

Chairman Glenn Without objection, so be it 

Senator Hatfield. Mr. Chairman, Senator Kohl, Senator Binga- 
man. Senator Lieberman, and Senator Heinz, I think that the pres- 
ence of each of you here todav demonstrates the keen interest that 
you not only have in this subject, but certainly recognition as well 
of the fact that we are facing a national crises, and a crises that is 
further upon us than perhaps many people wish to realize. 

Mr t'hairman. if I could be given jUSt a moment or two to give 
an example, an illustration of the material that I want to cover 
this morning Back in 19rM we had one of those seasonal recessions 
in Oregon The followmg year I was elected Governor of my State 
to tr> to lead the State out of this recession, which was based on an 
over dependence of a natural resource base of timber production 

1 called together, first of all. a group of educators, and we came 
to the conclusion there were two major gaps in the State's educa- 
tional program. One was at the communit> college level— Oregon 
had only one at the time with a heavy emphasis upon technical 
education— not just the traditional vocational education, but more 
than that, a kind of education that would lead to paraprofpssional 
programs and paraprofessional graduates 

Secondly, we found that we were very, very weak in our post-doc- 
toral programs. Even though we had three statewide universities, 
we were diluting our educational dollar by duplicating and overlap- 
ping our programs. So without the kind of revenues necessary in 4 
our public treasury, we called upon Oregons industry to invest in 
the technology nece&sar> to maintain the progress in their indus- 
tries. We launched a graduate center that celebrated its 25th anni- 
versary last year, the Oregon Graduate Center And it has been 
very successful. 
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The communitv college program, with both its transfer and its 
technological carriculum, gave us the opportunity to expand our 
technical trainees and the person power pool necessar> to meet oi r 
efforts to diversif> the state's economy Mr Chairman, the area of 
Portland, O'-egon todav is now the second hottest area, next to Sili- 
con Valley of California, in attracting and in establishing techno- 
logicalh oriented industry And in part — and I would be less thrn 
hunest if I claimed the full credit for these educational resources 
that were developed — but a major part of the success of this diver- 
sification effort for the state's economy tracks back to the estab- 
lishment cf' those educational institutions. 

The crl^.es that I want to share today with you is not an either/ 
or situation I am proud to be a product of the liberdl arts educa- 
tion I did my undergraduate at a small libei il arts university I 
did my graduate program at Stanford University in liberal arts 
programs, and I taught in the field of political science in the uni- 
versity for 7 years of my life and I am here to say that it is not an 
either or crisis. 

But I am here tc advocate the kind of action w^e should take to 
strengthen our math science program, certainly not at the expense 
oi .b ral . s, but as a necessity in so many areas of our national 
life that we we neglected for far too long. 

I happened tu live with graduate engineers during my Stanford 
da\s in political science, and the\ were puzzled. M\ roommate w^as 
from Dartmouth He could not understand wh\ the graduate school 
uf engineering at Stanford required a coursf in public speaking and 
a course in political science, because to hiin as an engineer, it had 
no relevance And \et, as school officials explained, in the years 
.^head vou are going into the practice of engineering and you are 
Uoing tu find the big contracts are goin^ to be those issued by coun- 
ties, L.nr- Stati's and thr Federal (rovernnK^U You bettei know a 
little bit about how the (government functions and vou betior be a 
little more articulate than Herbert Hoover was when he graduated 
m engineering at Stanford Universitv So consequently, it was a 
rounding of our education It vva.- addressing the weakness in our 
educational program 

Now, I want to stop and m(»ve into the noneducational areas If 
vou talk to Mr Young todaV, who hf^ads up Hewlett Packard, one 
oi' uur great industries in the technical field, he will tell you that 
over r.O percent ol their products todav that they sell on the world 
market have been the result of the last ^ years of R&D The last -l 
vears And the trend is escalating More and more of our private 
% sector indubtrv is dependent upon R&D coming out of our scientific 

uillv trained personnel And part of our lack of competitiveness 
todav can be tracked back to the lack of personnel in those fields 

Second, let me take the area of medical resources I see man> of 
these things from mv pjsition on the Appropriations Committee 
We appropriated about i'l billion for medical research the last few 
vears In FY IDIM we appropriated about $2 hiUion for nonmedical 
research 

Now, in the field of medical research, I can give you an illustra- 
tion that it IS, again, not dollars alone that makes the difference, 
We have escalated our attention — 4 years ago we appropriated $800 
nulhen for the research of AIDS The next vear it was $600 million, 
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the next year it was $900 million. FY 1989 was $1.1 billion and FY 
1990 willbe Sl.6 billion . . 

Funding is now equal to what we are appropriating for cancer 
and cardiolog>, and other diseases in the field of cardiology in ad- 
dition, the demands of orphan diseases are great. The need or 
medical research today is greater than it was 20 >ears ago plus 
when I came to the Senate. We find— and the report will be re- 
leased tomorrow— that instead of estimating 2^/2 million Americans 
with Alzheimer's. It will be 4 million under a new analysis, double 
what we thought in the incidence of Alzheimer's Disease Today 
Alzheimer's patient care takes $40 billion out of our GNP. 1 could 
^0 on and on indicatmg to vou that the most productive, highest 
multiplier dollar that we spend in the Federal Government is in 
the field of health and health research— 1 for 13 back into econo- 
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And we are not keeping pace Why? Personnel is one factor But 
It IS not the dollars alone. We may reach a point where we can ap- 
propriate dollars for certain disease research and we cannot get the 
people to do the research , , i i r 

We have 11,000 training grants that we established a tew years 
ago in the appropriations process to encourage young medical 
people u) conduct medical research Last year we had to reduce the 
11 0(1(1 to 10,000 in order to rause the individual stipend because we 
u-e competing tor those vuun^ scientists with the private sector 
and all the other sectors that demand this increasing mfiux ot sci- 
i^ntisti. and other people who are willing to do research That is the 

medical field , , , 

Now. k>t m.e take one otht^r field One ot the Stockholm meetings 
a few veai> ago indieated that half the scientists in the world today 
are in\ol\ed in nulit.M-\ research We have I00,00(; scientists today 
in and out of Ciovfrnment that are addressing the SDI project 
alone Now \ou don't have to agree with my view on military 
>pendink^. to reoogni/e the growing demand for personnel to maim 
tain the pace of mililarv research, not only m our part ot the u')rid 
but other parts of the world 

So, these are three area^ that I wanted to r'au^e to \our atteiit lot. 
which demonstrate the demand ^ide nsing 

Now, letV look at the supply side We have about 2.>,(M)(» pubdc 
high schools in thk-^ eountr-v, 7,000 of them have abandoned teach- 
ing phvsics. HKH) have abandoned teaching chemistry, 2,000 have 
abandoned teaching biology, and of th(^se that are still teaching 
any ot those science courses, onl> a little more thati one third have 
a labora' rv experience 

Our biseline is eroding It is dimimshing at the same time tm- 
demand curve is rismg Lets take this one stop further-to me, the 
most alarming of all It I had no other statistic to give you today 1 
would want to give vou this (me. Fifty percent of those who are 
now teaching those courser in our seconaar-y school are not certitr 
able by their own certification agencies Seventy-five percent ot 
those at the middle school U^vel are not qualified to be certified bv 
their educational certification agencies 

So when you look at the diminishmg numbers of schools that are 
offering the courses, the diminishing opportuniti*;^ for hands-on 
laboratory experiences, the diminishmg number of those teachers 
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v>ho are in clasbroums supposedly teaching these subjects today, 
not certifiable to teach the subject, I think it should give us great 
pause. 

We have a demand fur 300,000 teachers in our public schools be- 
tween now and 1995. That is just a little over 5 years from now— 
300,000 And if we don't get those 300,000 new teachers, qualified 
to teach those subjects, we will have a shortfall in the labor market 
m all of the areas of 700,000. We could employ today and for each 
vear between now and 1995, 138,000 degree holders in the field of 
engineering alone— 138,000 per year. 

We have been drawing demographically from our white male 22 
>ear old group, che basic supply for these increasing demands. My 
friends, the white male 22 year old is a flat line in our demograph- 
ics And even if we employed more dollars and more dollars, there 
ju^' ^en't enough white 22 year old males from which to draw the 
ne^ supply. 

So . e are going to have to have special programs going out there 
to attract women, minoritieb, because now (57 percent of the popu- 
lation at 22 IS not white male The demographics are w()rking 
against us Everv aspect of this whole problem as you look at it will 
find a down curve as far being able to meet the demand increase 
curve 

About January of last \ear I started a series of meetings, and ^ 
i.,ive had 2(J now, last \eai and this year, meeting wich national 
dbbociations in the field of education, elementarv, secondary, gradu- 
ate, research uiiiversit\ people The iso-called military 'industrial 
complex We had a meeting with those who are today producing 
the instruments for uur militarv that are highly skilled, highly 
technical industries 

I ha\e met with the directors of the 11^ inbtitutes at the NIH, the 
National Academ\ of Science, the National Science Foundation, 
the National Science Advisors, on and on and on And all of these 
people will give >uu basicaliv this kind of picture It is a national 
emergencv of great proportion, and 1 feel that, unfortunately. 
President Reagan gave just the wrong signal when he said to the 
American people and to the Congress, let's abolish the Department 
ol Education 

Instead of getting positive le/^dership from the Federal Govern- 
ment, we were getting the most directly opposite kind of leader- 
ship, or the lack of leadership It was not just a lack of leadership, 
it was undermining the very base upon which we were trying to 
fxpand and build The Congress said no, ana fortunatel>, of course, 
'Ae maintained the Department of Education But >ou can imagine 
the kind uf signal Senator Glenn and 1 introduced resolution basi- 
callv to sav Here i& a new signal. In.stead of abolishing the Depart- 
ment of Education, saving the Federal Government has no role to 
play, we are saying this is a national priority 

Now, we are here to follow that signal up with somethmg more 
-mnificant Last >ear Senator Nunn and 1 introduced an amend- 
ment for million add-on to the Defense Department budget for 
graduate fellowships m engineering and science, loO 3-year fellow- 
ships 

M> colleagues, 1 believe, very ser'v>ubly, one of these days we are 
going to have to put a surtax on ever> appropriation bill that uses 
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research people, a surtax that says as we draw from that person 
power pool, we have a responsibility to help replenish it. This year 
the Military Affairs Committee of the Senate made this a perma- 
nent $10 million contribution for another 150 3-year ^aduate pro- 
grams, fellowships. But we should have it in agriculture, in terms 
of agricultural research. We should have it In the natural resource 
bills, in all of the areas that have research involved 

I have two charts that illustrate the competitiveness issue. ^ You 
see the red bar there on this first one. This is the age 13 competi- 
tive or proficiency levels in the sciences showing the United States 
lov/ in relation to Ireland, Britain, Spain and South Korea. Other 
nations are lower than we, but it is worldwide, and that is on a 
scale of zero to 1,000, 

The bill that we are now proposing and which we have circulated 
to our colleagues and to other 'people to invite their contribution is 
to establish 9 regional centers in math and technology, consortia m 
the truest sense. If any of vou are in Kalamazoo, Michigan— this is 
just one example— go to the Upjohn company and let them show 
you what they have done in drawing out the math/science poten- 
tial of 12 of the high schools in that county It is a private industry 
effort— and thev over tyrn role models. It is a fantastic thing that I 
have visited, and that would be a part of the consortium, of the pri- 
vate sector, elementarv, secondary, higher education centers 

We also feel that we would bring in, in that third point, the fed- 
eral support for informal science education. There are a lot of re- 
sources out there Th ^ Oregon Museum of Science and Industry It 
IS a public body It is a fantastic place to go and watch the excitmg 
things of science A little gir! in Missouri, I think it was, said "Sci- 
ence class IS where we go to see how tomorrow happens." 

And \ou know, our tomorrow is a little bit uncertain at this 
time, but I think there are so man> of these independent, nonedu- 
cational, institutional— educationall> speaking— organizations that 
.should be part of this overall consortium. We would provide monies 
for role models played, for experimentation on how you get the 
teacher manpower person power pool increased, how you get the 
.student interest The students leaving our high schools today, 
within the last r> years their interest Jn majoring in science or engij 
neering has drupoed lil percent, almost a quarter of a percent, I'^y 
percent . 

So con^^equentlv, we have got to do someMing to reverse that 
trend as well. We feel that there is a need for a National Clearing- 
house for .science, mathematics and technology resource materials 
We have manv agencies of Government that have a part of the 
action, but there is no coordination. We think the National Science 
Advisor to the President at the Cabinet level -President Bush has 
now established that position— should be the coordinator to all of 
the agencies of the Federal Government involved or havmg an m- 
terest in this field. 

All of this means that we could provide resources through the 
appropriations process— and Chairman Glenn and each one of you 
appreciate this fully We cannot just b.^ satisfied with authorizing a 
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program— we have authorized a lot of programs— we have got to 
fund this one. And that is the key role of coordinating this with the 
Appropriations Committee. Because we have got to get out of the 
Appropriations Committee, as well as the agencies of Government, 
as well as the Senate and the House a priority of such significance 
that, unlike the Homeless Act, unlike a lot of these other things 
that we have authorized but then not fully funded. Senator Glenn 
and I and others are very serious about moving this beyond the 
action of authorizing. We want this funded, because these regional 
consortiums need not only paper and material and ideas, but the 
resources necessary to help set up these experimental programs. 

It is not going to be one national program. Evory region has dif- 
ferent characteristics, and we have to addre' s those individual 
characteristics 

Well, I have taken mere tine than I intended You have a very 
distinguished list of witnesses. I greatly appreciate the opportunity 
to be here this morning aud share these thoughts with you 

Chairman Glenn. Thank you Mark thank you very much 

Does anyone have any questions lOr Senator Hatfield? 

Our first witness this morning is well known to most of us from 
radio, and television, Dr Carl Sagan 

Carl, I understand that it would be in order to wish you a happ> 
birthday today So we start off with that today. Dr. Sagan is from 
Cornell Universitv and is, a strong avivocate for improving science 
education I read his article in Parade Magazine a short time ago, 
and he talked about not only the problem at the university level, 
but also the importance of science education at the elementary 
school level 

Carl, we look forward to your testimony 

TE^^.TIMONY OF ( ARL SA(;AN, PH.D., OIRECTOR, LABORATORY 
FOR PLANETARY STI DIES. CORNELL IMVERSITY. ITHACA, NY 

Dr Sagan Thank you, Senator Glenn. In the interest of time 
maybe I can put into the record the article to which you referred ^ 

Chairman Glenn. It will be included without objection. 

Dr Sagan. Let me try to give a brief sense of my approach lo 
this question and try to leave some time for questions. 

We are eating the seed corn, and it is well known what happens 
\{ you do that You might get through one more hungry vsintei", bt 
>ou are in the deepest trouble the year after. 

The idea of saving money by not supporting education is the 
must astonishingl> shortsighted and f-xjlish attitude that it ii? possi 
ble for a nation to have. We are depriving ourselves—in a highly 
technological, competitive and rapidly changing world~o^ precisely 
the resources that are needed in order to accommodate to change. 

We live in a world that ir many respects la based on science and 
technology^ and at the same time we arrange a society in which 
hardly anybody understands anything about science and technolo- 
gy-. This is a clear prescription for disaster It doesn't K^quire deep 
analysis t>o see that. 
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Let me sav bomething about the rei*M)ns whv better understand- 
ing of science and technolugv ib important I belie\e it is not just a 
question of producing more profebbiunal scientists and engineers 
Certainly there is such a need. But the need runs much deeper V/e 
need much mure widespread scientific literacy in the population in 
general— In part because that is what is necessary to produce pro- 
fes&io»^-l scientists and engineers, but for other reasons as well 

There are four categories jf reasons, it seems to me' One is the 
absolute bread and butter issues of jobs, profits, the health of the 
national economy, all of what is sometimes summarized in the 
phrase "international competitiveness" If furniture companies 
cannot make furniture because entry level applicants cannot do el 
ementarv arithmetic, then furniture companies will close down and 
the furniture will come from somewhere else If a leading Ameri- 
can electronics manufacturer finds that SO percent of applicants 
cannot pass a 5th grade arithmetic test, then the competence of the 
work in that company, and the quality of the products will decline 
and jobs w ill migrate to some other country where they take great 
er caie with science and mathematKs education These are simple 
bread and butter issues 

American industr\ recogni/.e^ that this is a problem at the 
present time Estimates are that something like $2.') billion is spen* 
annuallN by indu^tr\ on remedial education of their workers and 
on lost pro'ductiMtN. and my guess is that this is a very low esti- 
mate of the cost 

The trouble is that indust!\ generall>, espet iall\ in this f'ountry, 
is interested in short term profits And for economic competitive- 
nesi», vou ha\e tu make the in\estment now to get the benefit 10 or 
J(» years lat^T In man\ American mdu^-.tries the conipltte board of 
directors turns o\er in that period of time The individual motiva- 
tions of the executives to do something that will benefit their sue 
cessors a decade or two hence is not impressively large 

In other countries where it is common to have longer-term plan- 
ning, it IS more common to plan things for ten or twenty years in 
the future All this being the case, what is the American institu 
tion which, at least m principle, can plan over those longer periods 
of time' If it is not industry, might it concenably be Government'* 

The second reason for niuch letter science education has to do 
witn a wide range of key. in some cases unprecedented, problem 
that face the United States, and man> other countries as well in 
wh.ch finding the solution requires understanding science and 
technologv And that applies to the citi/ens who must vote for leg 
islators and p esidents, and the legislators and the members of the 
Executive Branch as well 

It IS certainlv a very long list It certainly involves all sorts of 
military activity Senator Hatfield mentioned SDI That is an excel- 
lent example where elementary understanding of science helps tft 
understand what is practical and what is political hype 

Or let's take issues of the global environment Here a set of ex- 
tremely grave problems face the world Our technology is now so 
powerful we can alter the environment of the planet Greenhouse 
warming is one example. Depletion of tlie ozone layer and conse- 
quent increase of deadly ultraviolet light at the surface of the 
Earth as a result is another- The solutions are complex They in- 
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\ol\e an undt^ri^tanding of the underl\ing science It is luve.s.sarv to 
be able to make intelligent judgments are thks ju^t a cr\ doom 
and gloom or is it a real looming catastrophe'* 

How can \ou make that decision if yuu don't under^tand the un- 
derl\ing science and technolog> Hou can the \oter.s decide which 
representatives to represent them if they, the \oteib, don't under- 
stand he issue"" This seems to ire an extremei> important reason 
\\h\ we havi to understand science and technolog\ better the solu- 
tiun.-^ to su<h problems are going tu involve science and technologv 
in the Ht-epest wav 

Likewise, for the apparently emerging era oi massive arms re- 
ductions, there are important science and technological issues 
there about hov\ to find a safe path to much smaller arsenals 

There i- a third reason which you can find readilv enough in 
first graders, but much more muted in, sav, high school seniors — 
the thrill uf understanding the universe, which I believe evervbodv 
iS born vcith I think it is part of b?ing human 



Karth, the Sun, the (ialaxy, the I'm verse Science has a range of 
a^^v^ers and a range ol deeper mvsteries uncovered in those an- 
^v\ers and mv experience is that almost evervone is ignited with 
excitement v\hen presented v\ith those findings Understanding the 
wurld we live m is deeplv satisfying It i.s the birthright uf everv 
uti/en H we don't knov\ anything about science and technology, 
ne are unequipped tu that joy in understanding experience 

And then finally, and maybe most important, is the fact that sci- 
ence I-, not so much a body of knowledge as it is a way of thinking 
There is a generally ..A'epted scientific ethos, sometimes not pei 
fect'y adhered to because scientists are human beings like every- 
body eUe Nevertheless, it is recogni/ed worldv\ide throughout the 
scientific community as at the very least what v\e should aspire to 
It involves the idea that experiments must be verified, that argu- 
ment^ Ironi .lulhoiitv ^aii\ zero v\eighl [people in ciuihonty have 
made mistakes before and they will do so again — v igorous substan- 
tive debate is healthy, quantitative thinking is an important way of 
distinguishing the wheat from the chaff This kind of thinking 
works, and is responsible for the success of ^xience But it is not 
widely used m other areas of human endeavor, particularly in 
social, economic and political areas 

Too oflen 'here is a tendency simply to accept v\hat we are told, 
only later do we discover that the people m authority did not have 
the foggiest idea of what they were talking about There are many 
examples of this sort readily available, especially from recent presi- 
dential politics 

I think that the very existence of a democracy requires a citizen- 
ry Well versed in substantive argument and in the idea that you 
carry alternative working hypotheses m your head and i>ee which 
bes' matches the facts— not that you uncritically apply a doctrine 
whi:h has been handed down to you The world js changing too 
quickly for that 

Any one of ihese four items would justify much more thorough 
and consistant support for ocience education on all levels The com- 
bination of all four of them I think makes an absolutely compelling 
case It IS a pity that it is even necessary to have hearings such as 
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this The tact thai ihf problem i.s bvm^ ur^eiitlv addressed now is 
a rebuke to us for what we have not done in previous years 

What should be done*^ 1 would like to stress that the problem 
must be attacked on man\ le\els a once. It is not jnst a question of 
improving elementar\ school teaching or fellowships tor universi- 
ties or regional centers for the improvement of science competency 
in high school teachers All those are certainly necessary, but this 
has to be done at manv different level.s simultaneously to addres> 
the man\ different timeframes invohed, because we have to worr.x 
siniultaneouslv about next \ear and 10 \ears from now, and J) 
vears from now . ^ i 

Senator Ciieim mentioned m\ arti le \n Tarade— t aracle has a 
\ast audi^'nce, <ir> million readers e\er\ is>ue and ^o 1 lend to gel a 
lot of mail not all of which 1 can answer But the mail certainl\ 
mves a kind of sense of the pulse of the nation, or at least of tho-e 
concerned encnagh to write back There are wide range ol oprnion- 

The most common letter that I got complained about the inad- 
equate traininu of science te;\cherv m the school s\stem And worse 
than that, the unwillingness to answer questions, a kmd ol ngui 
doctrinaire nrr\ oiisnt'ss about ha\ mg their ignorance exposed 
That clearl\ is the \tM\ antithesis of wh<it we need to teach sci- 
rna^ to encourage scirncr u> make kid^ awnfortahU- <ind enthusi- 
astic ,iho\A ^cit'nce 

We want teacher^ whv) .ir'- th^-in^cKr^ uuni(\t<ible with science, 
who understand it ^\hi' can ai.^wtM questions So su»-el> there must 
to better teaehrr tiaining, trmedial t-du.ation for science teachers, 
making the conicrA rathrr than tht^ mtthod of teaching important 
tor teacher iCt tiflcation i-ward- for compHrnce If the kids do 
vvell on o^u^cti • national tt-* , tht^ ttMchers ought to he rewarded 
>n sotne iev el 

Thert^ w tht^ qat-^ion of lahot atori*-^ La!)oratories arr 'xpensive, 
hut it \ou don I ha\f Liboratotirs in traching science thrn all llie 
kids gel N scirnu* out of l)(K>ks Science out of books, if the b<)oks 
aregood^ man\ of them aren t -is teirific But it is vetv different 
from understanding how science reallv works And man\ school 
districts, because laboratories are expensive, ne cut back or 
abandoned laboi atones What results is teaching a k nd of hMilla^ 
lion o! science a summar> of the ( dings but not the meMiods of 
si,ience, not science itself 

Scientists need to he encouraged to spend more time teaching sci 
ence There are a large number of scientists who find it extremei\ 
vexing e\en to ha\e to explain what it is that thev do in terms that 
are readilv comprehensible— much less spend some portion of their 
time talking science in the lecture ci-cuit or in school rooms or on 
television or radio or writing popular articles There has to be a 
wa\- and it ncu'd not necessarily involve money, humane or patri- 
otic motives might do it -for getting professional scientists much 
more heaviU involved in the leaching of science on all levels 

There is a ver^ serious problem with the media The media are 
the quickest wav -especiallv television, a visual medium- of 
changing altitude's, of increasing the rt spectabilitv of intellectual 
discourse in general, and science in pc.rlicular it is remarkable to 
me that virluallv everv newspaper in America has a daily astrolo- 
gv column i)Ut few have eve i a weekly science column That says 
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bumetlnng about vshat \alut^ and hold deai, \shat consider 
uu^;v«rtant A \iMtor from .somewhere eLse just reading our newspa- 
pers would get, 1 think, a \er\ negative \iew about our seriousness 
about sLience and engineering and therefore oui prospects* for the 
future 

Astrologv— ab I know I don't have to sav here— is bunk It is a 
fraud It doesn't do what it portends And yet it is there, in e\er\ 
newspaper, with one or two exceptions, remarkable 

Or consider the world of television There is a fair amounts of 
pseudoscience on tele\ision, occasional stories on medicine and 
technology, but almuM ne\er anything on science Science clearl\ 
has to be distinguLshed from medicine and technology Not threats 
to our health, not new machineb, but understandmg the world, new 
di.sco\erie.s m figuring out how th»* world works We ne\er see 
that— almost never—on television 

in the whole world of television driMiia. there i> not, a^ far as I 
know, a single program in which the hero is someone who is pas- 
Monate to find out how the world works There are no role models 
h is not surpii-ing that kids don't tuinbU- to scu*nce if they ha\e 
nothing m their i*\er\da\ li\es which rncourag^s them to go in 
that direction 

And that l-nnt^^ mi- to ni\ la>t point, and that ha> to do with the 
i^^ui* ol promotior and salara-s There art- stati>tics which show (or 
thf fir^t \fars altrr higfi sch(H)l ino>\ American inaU-s i:et no tar- 
mhle rt-ward^ Irom competence U thf\ know how to read and 
\Mitr hftter than a\fia^e. li tht\\ kn^w how [u (io i-W'mentar\ 
anthnutic (ir vilgi-l>ia bi-ttei *han a\rraui', thi> m no wa\ ri-llect 
rd in firomotion^ or hmhrr ^alane> in part \h\> i> dur to the lact 
tiiat M> mam \ouMt: iU'O' ^^o into sn \ ici' jol)^ \\[u'rr it is not re- 
qu'n-d to do too riiucii thinking 

In thi' product i\f ^i-ctoi ol tin- t^conon)\ oi vou^^o xhi- ^\nv\ \^ 
iliitt-rt-nt. and tliat ii-turns me tv) what I wa^ ^a\ iMu at the hi- 
t^inniii^ about all tin- industrie> that tind i-r.tr\ li'\fl applicants 
<innot pa^^ tlir nu)st t Iv-mi-ntai \ tests 

II it wviv truo I rniMii Anu-ruan kid^ an-n t stu[jKi il it wtit- 
trai that dom^ vm-H m ifu'^i- ^ul)ji'Cts maki- \ou nioio nione\ then 
I thuik thf\ \\()uld do wi'il in tlioso suh * < t.-x And il it doesn't, ihi* 
Aa\ thi- fducationcil ^\^ii'm now ariaiii. d no i ncouragi- 

nii-sH lor t hem to do wi-Il 

I \i' tried to gi\i' a M-r\ briv-i ^ummar\ oi thi- situation it is an 
t\tii-nu-l> important issuo It fits into tfu- giniTk ol ^hort quanda- 
r\ ti'Mii \or^us . ig-ti'iin issuo^, wfiiLh an- tfu' most si-riou> and 
thi' rnovt Jialleng'ng *.ati^u^>r^> oi issues wi- fati I mt\ much hope 
thit the (*ongri-sv uill not onl\ authori/i- but land major steps 
alon : thi'^i' hru ^ v.on^i^^mt \Mth thi- U-ading roii- d tfu- >tates m 
supporting vCid 

Thank \ou 

( hairman (Ilknn Tliank \ou \ir> naufi Vou [ia\e gi\**n us a 
lot to think about, atid wi- . uld spi^nd a lot ol tinu^ ol on r;ah oiu- 
ol those particular areas 

We will follow the o nnnute rule this morning 

You mentioned low teacher salaries, antiquated lab equipment, 
too little homework, and parents unwilling to pa\ for quality sci 
iMice I'ducation Those exist at t!ie local le\el They nnolve elemen 
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tary and secondary schools, which are under tue province of the 
states and the local jurisdictions. , . u 

We have had a number of things suggested tnat we might be 
able to do at the Federal level. It has been suggested that we set 
national standards of rating high schools, wl ich would let each 
community know how their high school measures up AM, there 
are proposals for national standards for graduation. W ire the 
only major industrial society that does not have some sort jf stand- 
ard like the French Baccalaureate. 

Before vou came I mentioned the Ross Perot ^udy. He spent a 
vear studying their system He found out that »'o percent ^^e 
high school princioals were coaches Now. I don't hc^'^ any problem 
with coaches Most of them are very highly qualified academics 
Bui 65 percent mav shov, an over emphasis in a direction thai 
doesn't necessanlv have anything to do with excellence in educa- 
tion Thirty percent went to good solid academics. 30 percent ot 
their money went to soft electives. as he termed it. and 40 percent 
to extra curricula and administrative functions. 

Dr Sagan I know it is in some circles customary to sa\ that }0U 
cannot solve problems just bv throwing money at them, and that is 
true But a lot of problems also cannot be solved unless you throw 
monev at them Monev is not all that is needed, but there is no 
question that monev is needed M<mev is a necessity, but not a sut- 
ficient condition 

The point about coaches verv interestiniJ Look at the recogiii- 
tion that, let > >av, hi^h -chool >tudenti? who have great compe- 
tence and excellence in sports receive What comparable recogni- 
tion i< there tor hi^h school students who have great excellence 
and competence m science or engineering or mathen atics' 

I «Mn talking- about notices in the home town newspapers I hat i> 
^oine^lvn^ that Member^ ol Con^if^^ v.an do -omeihum about i -^.va 
talking about recognitions m assemblies and group activitiej^ in- 
v>lving the vshole hii^^h school There is an ethos which savs that 
competition and -xceilence in sport- is de-ired. is encouraged at all 
Vvek of the comrnunitv. whereas competence and excellence in sci- 
e^K'e le^ ^ ^ in some clrcle^ including, often, the students 

them.Nelves- a i.-e of embarrassment In the student culture ot 
*he high schv)<>' *here is pressure no^ to excel in academics \ou 
embarra>> ^ >ur fellov^ student^ Ycu ^mH force them to work 
haidi' More \^ '\ be expected of th-m So there's peer pressure !<>'' 
those v.ho are -;riart to pretend to be dumb, in ail areas, except 
.^ihletics There .-^ no peer pressuie for excellent athletes to pre- 
tend mat the\ ue not excellent sc. thev won't embarrass their le>s 
( ompetent colleagues, we never see any of that 

It ^eems to me thot on issue of 'Ahat encourage and \vhat vve 
discourage the Congress of the United States miRht have r,ome le- 
verage , J J •> 

Chairman (;r,?-NN Do vou thir.k we ought to set standards 
Would ^hat \vork if we put ratinu systems out there or required 
that we have M>me standard of pass/fail for getting out of high 
school, as the French Baccalaureate or other systems do^ 

Dr Sacan It IS a tough issue, and let me sav why. There is a 
danger of abusr- And this is, to my understanding, the re^i that 
tfie framers ot the ronstitution p'lt education primaril> at the .or:.. 
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le\el A v^ijse and prudent and far-sighted national commission es- 
tablishing standards might do an excellent job, but there is a po- 
tential for abuse There is a potential for nationally mandating 
particular political or religious points of views. If you can walk 
>our way between those two shoals, my hat is off to you. 

Chairman Glenn Perhaps, the courses taught could be a meas- 
ure. In other words, if a school offers certain courses and qualified 
people to teach them, that is one threshold to get past. If they did 
not even come up to thot minimal standard, then they obviously 
aren t qualified. I think you could :;et up 4 or 5 different gradations 
along that line of what schools are even offering. 

Dr Sagan There I agree with you You certainly could set 
>tandards for teachers which don't run afoul of what I just was 
talking about But think about the idea of mandating curricula 
there*.^ a bun<.h oi people in Washington who tell people in a small 
town m Mist-oun. ^av. what their kids should learn and what thev 
.-hould not There l^ something potentially dangerous about that 

I think i]m idea is to encourage the highest standards of excel- 
IfHCt and people in luca* communities will e\entuall> understand 
\\hat It IS that their kids "=:hould learn 

Chairman Glenn M> time is up bur I think at the Federal level 
we have taken the lead Mnce World War II in supporting college 
education— throufcch i^rant.^ in aid and all sort^ of programs \ou are 
laniiliar with — and supporting our yount^ people be>ond the high 
^^hool level That has been mainly tne Federal role 

At the elementarv ind secondary level I think we t^ot up to 
.ift^und '* percent I think we are down around '> percent right 
n >w in our ^apoort tor elementarv and secondarv We ^till look at 
Thai a> the province of the ^tate^i and I'Kal Ct 'Timunit:e^ vet That 

*Aht*re our prohU^m i^ starting 

Or S\*,AN M<iv I ju>t make one re^piU>e to 'h<ir ' 

( i.nnan (m^kn CVrtainlv 

I)r S^f.AN .-\ verv important thmg- it i> a unvj^ lever arm— but 
a verv imp<^rtani thine the Government can d^ i.^ support for pro- 
^TarVi^ ^uv-h a> Head St<irT and program> allevuitrng perinatal mal- 
r.utnt!«)n It >ou are a tetus and vour mother doesn't have enough 
t<' eat no mcitter h(nv t{ood \our gene> are. vou are going to wind 
Aij w:^h an mtellectuaP; ucHcit later on \n excellent u^e of Feder- 
V nif»n*»v 1^ to mak/ ^ure the t every inf<uU ha.*- enough to eat and 

eru«»urcii::t' kid^ t ) nei com^ on education earl> before kindergar- 

K hairman i)i Senator Kohl'^ 

St^nator Kom Dr >^a^an. I would like to pursue this question of 
^n^^ need, the obvious demonstrated need \ersu> the lack of >upplv 

You ^aid— I thmk we all understand— that peoph gravitate in 
tt^rm^ of their life pursuit where thev can do the best And you 
talked about exaltation of sports and things of that sort, that's 
true But It is a clearlv demonstrated axiom now that we need 
people in math and science, that that is where excellence is going, 
that i.^ where vocational opportunities are going That is where you 
can hi^ sure, if you are a young person and educate yourself, and 
prepare vourself. vou are going to make a good living and are giJing 
to be in demand Vou are going to *?ucceed vocationallv 
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I mean, if we haven't made that point in this country we cer- 
tamly are on the way to making that point. ^'^^^^ 
whv aren't we seeing the vacuum of science and math 'lleteracy 
being filled, or are we just beginning to nove in that direction? 
And are we on the right track? , , u j 

Dr Sagan In trying to understand this issue I also had to wres- 
tle with fhatquestfon. It seems so straightforward. If we desperate- 
need competent people then we ought to be rewarding competent 
people then kids in high school ought to see that if they learn sci- 
ence and mathematics they will reap those ^^7;;^^-?° ^^^.^^^ij, 
the learning. r>ut the trouble is that there are lots of jobs for kids 
who Saduate high school for which this is not the case, in which 
you Sve gone through all that effort to understand the binomial 
Iheorem and they don't at all care about it in the serving of ham- 
burgers It hasn't helped you in the least. 

It ha. to do in part-this is a s.mplification-to the distinction 
between the service and the productive parts of the A";?"^^" 
otnv The service economv doesn't need that kind of stuff, and 
where are the bulk of the jobs for high school graduates. 

Senator Kohi. But these, as has been demonstrated ov.r and 
over again, these service type jobs are the l^^^^f ^'"8 
the lobs we are talking about are the more exalted high paying 
obs Now. if .t IS just a question of disseminating that information, 
we can do "hat That is not something that cannot be done. 

So I am still missing in my own mind the understanding of how 
we get to where we are going If it is true m our society--I want to 
it asiain-that the people who are exenr^plary at math and sci 
nee a?f the ones who are going to wind up with good pa>.ng^obs 
versus those service jobs you are talking about, then what, miss- 

'tr'sloA^ TSnf part of what . missing is -el.able information 
provided to the students that what you and I are ^a^'ng 's in fact 
true And another thmg that is missing has to do w' h^^e ^^J^^^^^^^^^^ 
the society Is there a sense of great respect for let & sa\ science 
Teachers there v.a^ in the l!':5(ls' 

Is there a sense of respect towards k.ds interested in science 
from their high school peers- Or as I was saying before is there a 
social pressure not to exce in science? There ar- a lot ot tac.ors 
that mSce \,ds, especially in those immediately post-pubescent 
vears when peer pressure is a very important issu.' 

These are not insoluble problems, but they are not easy either I 
think if vou talk to anybody who was interested in science m a se- 
rVous way in most American high schools, except for the ones that 
soecial'ze m science, you will discover something like this, 1 can 
ell vou from mv own^ high school days in Rahway, New Jersey 
hat there were^many who were less than delighted that there 
were a few people who were extremely interested in science There 
K a set of strong social factors that have to be worked. 
^ Is It true that better prepared people are the ones who a,^ more 
rapidly promoted and get swifter salary increases? If that is true, 
the industries in question ought to be making that clear 

Senator Kohl You mentioned the problems with respect to the 
popuSr media. Yet you have had a large success m your Cosmos 
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television show. Why do you think we don't have more popular, ex- 
citing science programs on TV? 

Dr Sagan. I wish I knew, Senator Kohl. '^Cosmos" was the most 
widely watched series in the history of American public television 
at the time it was shown. It has been seen in over 60 countries by 
more than 300 million people. It has just been released in video 
cassette by Turner Home Entertainment. 

It has done phenomenally well, and it is a demonstration, if one 
were needed, that you can get real science out to a broad publ c 
and have people enjoy it and even ask for more. I am not sure wh/ 
more of this isn't done I think it is completely clear that more ot 
this could be done 

Senator Kohl. Thank you, Mr. Chairman. 

Chairman Glenn. Thank you Whatever happened to Mr. Wizard 
too, at the lower level? 

Dr Sag\n. Yes, absolutely 

Chairman Glenn Senator Bingaman? 

Senator Bingaman. Thank you, Mr. Chairman 

Dr Sagan, let me compliment you on all that you do to make 
this issue import^mt and prestigious in our society. Your work is 
very important, I wnuld like to get back to your comments about 
how we snouldn't have a national curriculum, that there is a lot of 
valid concerns about that. I agree. But I also think there may be 
some subjects where we really don't have a valid argument against 
having national ^standards, for example, mathematics I think you 
cited m your statement that man> of our high school graduates are 
not able to pass a 5th grade mathematics exam 

I am not talking about Congress passing a la^ saying this is 
what you need to know in oth grade math. But wh> would it be 
in-proper to have knowledgeable people from around the country 
come together and say this is what v.e in this country would expect 
the students to know in math when the> graduate from 3th grade. 
And if you are teaching the oth grade in my home state of New 
Mexico, or Florida, or New York or wherever, and your students 
aren't performing at that level, then you would ha\e a very strong 
signal that your stud^^nts were below average. 

Now, some people say, no, that's a national curriculum. In my 
mind, it onl> makes sense. If we are going to criticize students 
when they graduate from high school for not knowing anything 
more than jth grade math, why don't we tell their teachers and 
their parents and, in fact, the students what we expect of them at 
each grade and then help them reach thoae levels of performance? 

Dr Sagan I personally have no objection to what you just sug- 
gested It makes perfect sense. There is no serious religion, as far 
as I know, that has objections to quadratic equations the conten- 
tion that the Earth is round. 

But the trouble is when you get to other areas. What happens 
when you get to physics? It turns out that there is excellent evi- 
dence that the Earth is about 4.5 billion years old, but there are 
religions that believe it is only 6,000 years old What happens when 
you get to biology—when evolution, the central idea of modern bi- 
ology, is considered anathema b> a number of religions? Then what 
do you do? 

O 
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Senator Binuaman I understand that you can get into areas 
that are more contro\ersiaI, but I think that we do have agreement 
in some areas and we need to move forward in them 

I agree with all of your suggestions about the long term we need 
to train more educators, we need to recognize those who are teach- 
mg in these areas, who are excelling in these areas. 

In the short term, however, while we have a deficit of qualitied, 
certified people teaching in these areas, to what extent can we use 
modern technology— through video programs and computer pro- 
grams of various kinds— to fill that gap and ensure that this gen- 
eration of elementary school students does not miss the chance to 
become excited about science'' 

I saw something a few weeks ago indicating that most students 
who decide to pursue science as a career make that decision by the 
time the> are in the Tth grade, and those that decide not to go into 
bcience also make that decision by the Tth grade So there is a 
period of time, verv early in a student's career, when we need to 
excite them K we don't have teachers in the classroom who are ca 
pable of exciting them, can we do it through technology 

Dr. Sagan Technology is a tool, but everything depends on what 
the technologN is presenting to the student If it is cold, remote in- 
accessible, doesn t answer question^— because, you know, much of 
thib technologv doesn't answer the student s questions, it is not 
interactive— then it l^ not clear that it could help large numbers of 
students, especiallv those with science phobia For those who are 
alreadv committed to science it is wonderful, because it permits 
them to go far bevond their grade level But as for general encour- 
agement, there is nothing, better than a li\e human being who is in 
front of the students and genumelv enthusiastic and knowledgea- 
ble about the subject 

Nevertheless. I think some things could he done along these 
lines Certainlv television— the "Cosmos" experience has clearly 
shown that tele\ision can cross that barrier, can get a kind of 
human contact across, but it has to be designed to play that role 

Senator Bingaman. Thank you very much 

Chairman Glenn. Senator Lieberman'^ 

Senator L^kberman Thank you, Mr Chairman 

Dr Sagan, thank you for being here and thank you for all you 
have dune to increase people's awareness of science If I may bring 
any personal experience to this, Mr. Chairman, now having begun 
a second familv, as it were, and having a IDth month old, I am re- 
assured to find that Mr. Wizard after all of these years is still 
growing strong 

Chairman Glenn I don't thiak widely enough distributed, 
though 

Senator Lieberman The closest scientific hero that American 
television provides to its watchers in this age I think is McGyver, 
and that is nut too close In other words, McGyver gets himself out 
of these adventurous dilemmas he is in usually by some clever use 
oi science or technology, but that is a long wa> from where we 
want to be 

Before I ask you a question. 1 want to see if I am operating on a 
correct factual or historical basis. I have been reading all the sta- 
tistics that yuu Cited m your articles, and others have cited, of the 



ERIC _ 



27 



relative weakness of American students and graduates when it 
comes to science and math and technology compared to other na- 
tions And, of course, all of us here worry about the effect that is 
having on our international economic competitiveness. 

Am I correct in assuming that during earlier times in this centu- 
rv when we were a surging economic power, early in this century, 
or in the post war period, that if we had taken similar studies the> 
would have shown our students doing much better as compared to 
students and graduates on other developed nations? 

Dr Sagan Senator Lieberman, I don't know the answer to that, 
m part because of the studies that I know about, the longest rang- 
ing only goes back to the late l!)GOs or early li)70&. So I cannot tell 
you about longer baselmes. 

The National Report Card on Science, which is administered b> 
Educational Testing Service in Princeton does go back to, I've for- 
ijotten, but roughly 1970, and the conclusion there is that we are 
no better or no worse now than we were then. 

Senator Lieberman That would be interesting I guess the ques- 
tion I wanted to ask, and I will go ahead and ask it anyway, even 
though it is not clear But I think when we see these statistics we 
assume that our countr} is sliding, that we are going down. And I 
\\ anted to ask \ou~and this takes you somewhat out of your 
1 'eld— but what has changed, compaiod to when you were growmg 
up in Rahway*^ What's differpiit ' Do you thxuk somebody growing 
up in Rahway todav would h.ive been drawn to the career that you 
chose* And if not, I wonder v hv 

Dr Sagan Well 

Senator Lieberman Or if you were growing up today m 
Rahway'^ 

Dr Sagan You have invited me to speculate Let me do so. 

The last H) \ears seem to me to have been a particular disaster 
in this respect In the Inst 10 vears we had an ethos of greed foisted 
unto the American people, agreed is what you should be interested 
in, tho people were told The brightest people were encouraged to 
become, lawyers or commodity ^rokers or arbitrageurs and not sci- 
entists That IS where the rewards were that the society sanctioned 
from the very top 

In the same period of time there was not a great deal of intellec- 
tUiM rigor or intellectual honesty that one could see emanating 
from the highest levels of the Government. There were obvious at- 
tempts to deceive the people, to lie and hope that no one noticed. 
Eventually people noticed. If there isn't a deep respect for the 
truth at the top, that attitude propagates down. 

There are many riticisms we could make about, let's say the ad- 
ministration of John Kennedy, but in that administration there 
was a respect for intellectual achievement that also propagated. 
People of a variety of different political beliefs encouraged excel- 
lent scientists to become deeply involved in the Government. There 
was a President who actually had dinner with Nobel Prize winners, 
that included substantive discussion, including his remark that 
"This IS the greatest collection of intellectual talent that has 
been ever assembled in the White House with the possible excep- 
tion of when "^homas Jefferson dined alone 

Anyway, that is part of my guess as to some of the reasons. 
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Senator Likberman Thank you very much 

Mr, Chairman, may I ask one follow-up question It is a fascinat- 
mg answer in so far as it suggest the important role of Government 
and Government leaders in setting a standard. 

What about the role ^ the family? And I know again 1 am 
taking vou out of what . .iv be an area of your expertise, but we 
continue to read that one oY the things that is powerful m Japan, 
for instance, which we always compare ourselves to today, is the 
pressure from the familv to succeed Is that part of our problem 
here now. and is that different'^ 

Dr Sa(;4N 1 think it is, benaior 1 think in the Depression in 
this countrv manv families recogni/ed that scholarship, intellectual 
attainment', was a wav to get out of poverty I think many immi- 
grant families recognized that But now that we are economically 
better otf. except (ov new immigrant families there isn't much pres- 
^uie on kids If vou look at the recent phenomenal performance of 
Asian Americans m >uence and mathematics— and it really is 
Mjmething to behold— part of the leason may be that the language 
differences are such that it is very hard for them to excel in the 
literature or social studies or other places where real competence 
in English language is a prerequisite 

But s'Mence and mathematics, being an international languages, 
are niore accessible It is ver\ clear from talking to excellent stu- 
dents from that backgiound that their parents not just were after 
them in a negative sense, but in a positive and su|)portive sense, up 
with them late at night encouraging them bringing them tea. as 
one person who just wrote to me said 

The parent^ ?.eed not know the science, thev need only under- 
hand that it i> ver\ important for the success and future of their 
children and the natior and the world It can have an enormous 
influence 

Senator Likhkkman Thank vcu Thank vou, Mr Chairman 

(^hairman (h.KNN Thank \ou. Senator Lieberman I wish we had 
another hour to go )ust on that last subject alone, becaus.* 1 think 
\oung people tend to rise to the level of what is expected of them 
And vet we are a mobile societv. perccMit tjf our people move to a 
dilferent domicile every vear theie .ire a number of things in that 
area I think we have to look at also 

We do have to move along Thank vou, l)i Sagan We appreciate 
vou being here this morning 

Dr Sa(;an Thank you. Senator (ilenn 

I'hairman (Ilknn Before we move on to our next w itnesses— and 
we are going to change the order just a little bit here because of 
some other things 1 wanted to point (jut that 1 understand we 
have a group of Soviet high school students that are visiting and 
are sitting in our hearing this morning in the back of the roi m 

Would you stand ^ *and up, please 

[Applause 1 

Chairman Glknn (iood We welcome vou this morning I hank 
vou very much, and I am glad you could be us this morning 

V'isiTiNCi TKArnER Excusc me. Senator There are 17 high school 
students from Moscow They are on their way to Albuquerque 

here they will attend high'school at La Cueva in Albuquerque, 
Senator Bingaman's home state 
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Chairman Glenn Good And I believe Senator Bingaman is 
going to meet with them later this afternoon. 

Visiting Teacher. And then an American high school group will 
then go over and study at their school next spring. 

Chairman Glenn. It should be very interesting. Good Thank you 

all very much. , i. t> d 

We are going to change the order here just a little bit. Dr. Ruth- 
erford has to bo out of here b\ 11.30. We have been running a little 
bit late, and also Mr. Aldridge has to catch an airplane, an interna- 
tional flight He's leaving the country here for a short trip and has 
to be out So if our other witnesses don't mind too much here, if 
they are able to stay, we will have Dr. Rutherford and Mr. Al- 
dridge come up And we welcome you this morning here and wel- 
come your testimony 

Dr Rutherford, would you lead off, please 

TKSTIM()N\ OF F. J \MKS RI THKKFOKI), IMM)., CHIKF KDrCA- 
TION ()FF!C KR, DIRKCTOR OF PROJKCT 206L .\MERICAN ASSO- 
( lATIO.N FOR TIIK AI)\ AN( KMKNT OF S( IKM'K, WASHINGTON, 
DC 

Dr RrTHKRFDRP Thank \ou. Mr Chairman 1 appreciate being 
invited here—and Sen ator Lieberman— to comment on these very 
important issues My testimun\ \m11 be submitted to you so I will 
not cover all of tli^it ^ 

C^hairman Glenn It \>il! be included in the record in its entirety 

Dr Rutherford Thank \ou What I would like to do is just take 
a tew minutes to talk aboLt a major effort being undertaken by the 
scientific commuiiitv to deal with these verv same problems as a 
vva\ of signaling to vou that v.e in the community look toward the 
Congress and the Administration to work with us in collaborative 
wav? to achieve these common national purposes. 

But I do think I should comment just briefly on the context ot 
this whole business of reform This is the third time since the end 
ol World War II that the Nation has come to this same point, and 
we have made these same statements It was industrialization after 
World War II It was the space race in the 19()0s And now we have 
Kut international competitiveness and the rest of these things 

You know, during those periods we did lots of things We trained 
teachers and we did curriculum over again We had collaboration 
with business and industry We did a lot of good works, but it did 
not add up to national reform. So when we entered into the propo- 
sition back in about when we became concerned— the Ameri- 
can Association for the Advancement of Science— again about these 
^jroblems, we decided to try and find out what had gone wrong, 
why hadn't the Nation solved this problem long since And we 
came to several conclusions, and I will just mention without ex- 
plaining and then turn to the other matter 

First of all, is that we haven't treated it as a national problem it 
has been treated as sort of a local thing, let the local folks do 
better, let this state or that state. But this is of national conse- 
quence. It IS a national emergency As a consequence we haven t 




had a national strateg> We ha\e had no wav of thuiking about 
how to g'j about ^uKin^ the prublem We do this ^ood thing and 
that good thing, but imagine that we had tried the build our inter- 
state highwav svsteni that wa>, or get to the moon that way We 
wouldn't have achieved it A lack of national strategy 

Our reform has been b\ accretion— do this, do that, let's hope 
that It adds up. Well, it has not added up. 

Our efforts have been fragmented, the\ have been spasmodic We 
are on again off again The fragmented — Congress is that wav, isn't 
it*^ When it looks at science education, there are all sorts of com- 
mittees and subcommittees thc?t get interested in it and do things 
that are of some interest and usuall\ useful, but thev come and go 
and the\ are not seen as a part oi a total thrust to get things into 
order 

C onsequeiitlv we have had no coordination within Government, 
let alone between Federal and state and local activities I can give 
just one example In mv judgment, there are several do/en Federal 
vigencies that ougiii to be active m science education at th ^^lemen- 
tarv and secondarv level We keep mentioning the Department of 
Education and NSF Well NIH .md Defense and Labor and Com- 
merce and manv others have an interest and are doing little and 
no one is coordmated 

Another problem there has been all along is that the magnitude 
ol our effort hasn't matched tht' magnitude of the problem Now, 
we are talking abuul 2 million teachers, a business that spends 
over .'?200 billion a Vear, and vet we imagine we can change it bv 
investing a few millions of dollars, or a few hundreds of millions 

We have a scale problem here that we haven't faced up to in 
manv ways, and the money problem being part of it It is eas> 
enough to t>av that, ais was pointed out, money won't solve the prob- 
lems Without investing m reform we will not get reform But in- 
vesting in Inform is \erv different than supporting the status quo, 
^"d most of^ the Federal and state dollars go to operating the 
-.^t 'm we have now which isn t working well, instead of going in to 
transform that system into a new kind of enterprise 

One of our great weaknesses is we haver/t had clear national 
goals Senator Lieberman, I think you were heading in this direc- 
tion If we don't know what we want to achieve, if we don't know 
clearl> what we want our children to know and be able to do, how 
can we organize our efforts to get there? We have to be clear on 
these things, and I think there needs to be national expectations 
because we are a Nation and because, as Senator Glenn has point- 
ed out, our people keep moving 

Finally, let me say that a lot of our solution since World War II 
has been to load more on to the schools. Ever> time we defined a 
problem, we sa> the schools ought to do something about it. Wheth 
er it is bad manners on the highway, or AIDS, or being a good citi- 
zen or what have you, let alone the intellectual outcome, when 
probably what has been needed is a trimming down so that we can 
focus in on the things that really matter. 

Well, with those notions in mind, we designed at AAAS Project 
20^)1, which is an allusion to Comet Haley, which was around when 
we started in 11)83, to sort of give the image that the children born 
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when we started are going to live to see the return of tha- ccmet 
The question is, what will the world he like then? 

The answer is, it depends on liow well we educate these children 
They vniII determine whether we have a habitable world that is 
worth living m So we set up this project to be long term We com- 
mitted ourselves to 25 years of efi'ort. not on again off again We 
committed ourselves to be comprehensive, that our approach would 
be across all uf the sciences and n.athematics and technologies si- 
multaneousK, not just physics, chemistry and biology, that we 
would focus^n all of the schools, not just the ones who respond 
well, that we would be concerned about the education of all stu- 
dents. Th..: IS, vou start with a common core of learning as what 
we reallv worrv about a;.J buil-' on tha* That all grades count, as 
Mi Sagan said, kindergarten through the Tith grade, and that we 
would deal eventuallv in this period with all components ol the 
svstem, not just this piece or that ['iece, hurly burly But you have 
got to deal with the curriculum, wiln materials, with testing, with 
teacher preparation, with the ^>tructure of schooling, with policies 
and more 

Furthermore, that we would do this bv trimming down this over- 
Mufled and undernuui ished sch >ul svst^-m of ours, and in the proc- 
ehh reexamine all of our premises about learning, about kids, and 
organization and the rest of it 

The project would b- collaborative ^- '♦^ e\er> level of education, 
but the teachers would have a central role, a creative role, and fi- 
nally that the entire t ffort wou'.d be ba-ed on specifying laying out 
the goals that have vo be achieved and that all our work would 
lucus m one way or another on the tests tha. 'vill contribute to 
these national goals 

Thanks to the Carnegie and Mellon Foundations, we were able to 
engage some '^7)0 scientists, engineers, philosophers, historians, edu 
cators for over :i vears to do this piece of work, which we think is a 
central and important contribution It was headed up by people 
like Bill Baker, that manv of vou know, who was chair of Bell 
Labs, Marvin McVickei from MIT And the result of that wor'; for 
H vears is a statement of goals and some panel reports and then a 
Statement of Science for All Americans 

One wili find in that what amounts to, we believe, the most thor- 
imgh sta ement made in this century oJ what constitute.- across sci- 
f^nce, math and technologv, the kinds of knowledge, the level of un- 
derstandings, the nature of the skills that everyone can and should 
possess 

We bring that vour attention and hope that as you in Congress 
work to help find solutions tha* you will also look at it m terms of 
goal- ours or others, that can be looked upon as what we want to 
achieve nationallv During this period of 3 years, 4 years, we are 
working with tea< hers, panels around the country to define alter- 
native curricula that will reach that We are going to design the 
best people in the country we can ftnd to define the specifications 
for testing, materials, construction, that will contribute to the new 
curriculum which will lead to the new goals. 

So as we do that we v. ill try ai.a keep you informed to the degree 
that vou interested in this I would say that in the work we are 
doing now, not only have the foundations, such as Carnegie and 
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Mellon ano MacArthur responded, but the National Science Foun- 
dation IS providing support, business and industry, IBM is provid- 
ing a complete electronic network for our people, and the partici- 
pating state apparatus are participating also. 

So I bring this to your attention just as one example of what the 
scientific community can do to try and move us toward thinking 
long term solutions, a systems approach rather than a helter skel- 
ter approach, and one that is fully collaborative between the scien- 
tific c^-mmunities, the educational communities, and policy makers 
such as yourself. 

Thank you very much 

Chairman Glenn Thank you very much. n, . 

Mr. Aldridge, Executive Director of the National Science Teach- 
ers Association, your testimony, please. 

TESTIMONY OF BILL G. ALDRIDGE. EXEC I TIVE DIRECTOR, 
N.VTIONAL SCIENCE TEACHERS \SSOCIATION, WASHINGTON, DC 

Mr Aldridge Mr. Chairman and members of the Committee, 
thank you for inviting me here today I would like to briefly com- 
ment on a few of the issues that were raised today and to make a 
few comments abjut the testimony, but would like the written tes- 
timony to be entered mto the record * 

Chairman Glenn Your entire statement will be included in the 

^^^^^^ T • J J u n 1 

Mr Aldridge Thank you I must s^iy I am reminded by Carl 

Sagan's presence here today of the fact that this Nation employs 
30,000 astrologers but onlv 3,000 astronomers. Perhaps that is a re- 
flection of some of our dilTiculties I might add that we produce 
more prisoners from our schools than we do scientists That is per- 
haps a reflection of a problem in this Nation, 

Mr. Chairman, you mentioned twice Mr Wizard. Don Herbert is 
a good friend of mine I spend a lot of time with him. He is actually 
on 130 commercial television stations right now, and he also is on 
Nickelodeon My own grandson watches those programs, and I m 
sure a lot of other children do, so as well There are people doing 
something besides Carl Sagan in this regard. 

I am going to try to just skip around and look at a couple ot 
topics there were raised, because they are terribly important One 
had to do with the fear of the Federal Government instituting 
some sort of a national curriculum. Let me point out that there al- 
ready IS a national curriculum. It is the one produced by the pub- 
lishers Forty percent of the textbooks in secondary school science 
today are sold by two publishers. Those two publishers essentially 
determine the national curriculum. 

There are ways that the Congress can encourage national efforts 
without making it a Federal curiiculum There is a difference be- 
tween a national curriculum and a Federal curriculum The Na- 
tional Council of Teachers of Mathematics and the National Sci- 
ence Teachers Association both, working with large groups of 
teachers and administrators and others throughout the land, have 
created standards and frameworks for reform ir lathematiCF ind 
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science oducatiun Tho.se uffort.s are prebentlv being supported by 
both the Department of Education and the National Science Foun- 
dation, and ihuv can be enhanced enormou.sly b> the bill which you 
are proposing 

Let me just describe quicklv the curricular framework that 
NSTA hats introduced We have* through support from the Depart- 
nu-nt of Education and the National Science Foundation, a pro> 
grjim—a national program, not a Federal program— whereby sci- 
ence vmII be provided for all children from grade 7 to 12 In essence 
what wt' are doing its spreading out the \arious subjects over (i 
year.s and then not allowing for children to opt out Keep them in 
tht^ .s\stem! We ar< con\inced that when you reach the grade 11 or 
IJ. liie makeup of iht group of \er> talented young people will be 
nu>re nearl> an equal number of >oung men and young women, 
and will be a better representation of the historically underrepre- 
sented minorities We are convinced of that and we have some 
wonderful opportunities to lest that hypothesis in schools in Hous 
Urn and .n the Stale of California and in several other stales where 
we are beginning this process 

Rut thcit research and development effort, which m some cases is 
building upo., ihe goals thai Jim Rutherford has provided us 
through hi.s project, cannot gu anvwhere without widespread imple- 
mentation And thai i^ disruptive and requires the regional consor 
IM cind the Nalu)nal ('leannghou.se that vou are proposing 

II we don't have that kind of support later, what we are doing 
now IS Wasted And it isn't just our projects, there are many others 

Just a Lt>uple of other comments 1 wish 1 could have commented 
i)elore the voung people from the S^n let Tnion left That is where I 
am going this afternoon 1 am going to Mo.scow to conclude .some 
neuotuitions with the TSSR Academv of Sciences on a new student 
publication This publication is designed to provide the enrichment 
in i^rades 11 and ll^ tor th(*se verv bright kid^ It is a new maga/ine 
called Quantum 

That magai'ine i> u^Miing (Hit in about 'A vseeks We have asked 
the President of the riiited States to deliver the first cop\ of the 
first i.^sue to President (;{jrbachev Hecember lind And his 
[>eople m the- Soviet Tnion will be as! ing tne .same thing 

This maga/ine. through the a.ssistc'nce of scienti.sts. leading scien- 
tists and mathematicians in the United States and in the Soviet 
I'mon, is the kind of cooperative etfort that we want to try to in- 
crease between these two countries We .see that kind of coopera- 
tion cis the mechanism bv which we are going to reduce expc^ndi- 
tures tor defense in both count ries ^o that we will have the money 
to do what we need to do m education Becau.se that is where the 
bulk of the iunds are gtJing now, to protect us from a problem that 
we need to eliminate 

Again, let me stre.ss the importance of the bill that vou have pro- 
po.sed. Senator Glenn The regional con.sortia. in our judgment, 
Would provide the netessarv opportumtv for local schools to imple- 
ment new reforms, wlit ther the\ are ours or .someone else's It 
gives the opportunity for teacher'traimng, it gives the opportunity 
for additional research, a.sse.ssments and all uf the other compo- 
nents that are needed 
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It is that initial implementation effort and the retraining of the 
teachers to allow them to make those kinds of changes that your 
bill properly addresses. The National Clearinghoase is excellent, 
and the idea is superb I've made a comment in my written testi- 
mony I want to emphasize here as well. It is important that the 
materials collected not just be film and written material, but there 
should be a very strong high technology component. That is, it 
should be a database and a resource where data and information is 
communicated electronically. We need to move into the same 
realm as we find in defense and in the private sector, and that 
component is ver> important, and vve could ^^Ik mere about thai at 
some other time. 

I don't want to take longer novv I think the written testimony 
expressed our position, and I want to thank vou for the opportunity 
of coming today 

Chairman Glknn Thank vuu \er\ much, Mr Aldridge We ap- 
preciate that very much 

Dr Rutherford, what is the target date for completing the 
Project 206r 

Dr Rutherford Well, we hope b\ to have this next genera- 
tion of resources, that is the curriculum alternatives and the other 
guidelines, and that then we would go to work over the 10 to 15 
following year^ with Mates and school districts to introduce radical 
change So for us it is a procesfs It is not as though we are going to 
deliver a change at some time We are using this whole first period 
uf getting readv rather than doing things in the schools, of lining 
up resources, intellectual and financial and otherwise, then for a 
10 to IT) year campaign 

Chairman Glenn How does our educational system compare 
with foreign educational systems'' We apparently put more money 
per student into education than almost any nation in the world Do 
we try and take on too many other things, like extracurricular ac 
tivities' Do they leave things like that to other organizations or tu 
family and community groups"^ 

What IS the difference and why du they come out beMer than we 
do with when we actually spend more money 

Dr Ki'THEKKORD Well, in the first place, getting bette*" test 
scores is not the same thing as being better educated We don't 
knovy that For example. I)i Miller, w ho has done testing here on ^ci 
entific literacy in this country, has had some of his surveys dupli- 
cated in Great Britain, and in Britain they did aboui the same, a 
little yvorse than we did. There are some problems in the Soviet 
Union now about when >ou can actually test for what people know 

I think our greatest argument is not how we compare with other 
people, it IS just patently evident that b> our own standards and 
fur our own needs we are not producing people well educated in sci 
ence and math iiatics 

Mr Aldriikie Senator, I believe that the problem we have in sci- 
ence and math— in this country particularly in science— is the 
layer cake curriculum We are the only country in the world that 
expects a person to learn all of physics in one year Everyone elsp 
spreads it oa. over several years. That's built into our framework, 
a change in that direction 
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Imagine learning to pla> baseball in one vear You are going to 
go and vou are going to de\elop all of vour skills and at the end of 
that one vear vou stop, or learning to play the piano in one year. 
Thebe are lu\s level skills compared to phvsics One has to develop 
o\er time these different abilities, and that is a problem 

I would point out some contrary achievement evidence, if you 
Will Remember that recentlv when v e had the Physics Olympiads, 
the international competition in physics, the top student with the 
top gold medal was from the United States And there is a case 
where bv providing the stimulation to the verv bright kidh, as the> 
ha\e done m the American Association of Physics Teachers, we 
have been able to do something for that group 

Chairman Gi.enn Yes. but I don't see how we can ignore test 
.sLoret', beoau>e giving kids particular problem^ to solve indicates ..t 
U'ac>t some degree of the masterv of the subject You can't ignore 
those completelv And \se <ire falling so far behind that \^e just 
cannot ignore those, can \ve"^ 

Dr Ki THhKKOKn Well, tl.*' re.sults are embarrassing, at the verv 
least, when ue do so pot)rl\ I dun t \sant to put do\Nn the tests, but 
1 a; just .taxing that one has to be careful about inferring from 
test stores .ibout how well t)ther cultures are doing, because these 
things are so i losel> tied Suiel\- we should be doing better on the 
tests, particularl\ the good ones There are an arra\ of those kinds 
^ii t* x<ur.inatH)n^. .^ome ol which. i\ \ou look at th<*ni careful Is. aie 
r.ot t»»r jbl> impressive the> reward rnemor\ 

\ lot o\ the countries around tlie W(jrld -we did a ^tud\ of five 
oaintries. and w. found a lot of countries reall\ press rote 
ft.(Mnor\ wlucli pa\^ off in e\aminatu*ns But when you get into 
^hc knids of exams that do more than ' at. the results are a little 
u'^s clear But 1 tlon t ar^ue that the Japanese ami the West (ier- 
Mians in pa Mf.u' ir du better on almost an\ kind ol an exanunatu>n 
tl;an we do 

('hairman (JihN\ l)o \ou taw>r something like the French Bac- 
.aiaureate before we gi\e kids a high ^chool diploma'' 

\1t /\ii)KU)(.h ^I'liatwi :iu prouxl has a national *isscssment 
coit;pc>nent We are goii.g to produce lest.s that will be used nation- 
all\ Thes ♦ tests are going to test performance, nu'asure the ability 
U' .-noUc* problems. <ind h<i\e \er\ few object i\e iterii.-. <»f the kmd 
that we find m the t\pical test 

I served or *he board ior the international assej^ment. so I am 
laniiliar with those items, the tests and the way those were 
a(iininiv>tered I also know the tjutcomes and 1 recogni/e that we 
t.iime out deficient There are lots o explanations and reasons The 
major n*ason is that we are weak is because we don't offer the ap- 
prop'riate curriculum Not enough childreii studv science- if you 
dun't studv It \ou cannot answer the questions -and se\eral things 
like that 

Dr RiTHhuyoKD I am not terriblv enthusiastic, a little ambiva- 
lent, but not enthusiastic about student examinations But I would 
examine e\erv school and e\erv .state on performan^r: against total 
outcomes In other v/ords. if a school or a district or a state is not 
producmg graduates that add up, that meet nation d standards, 
liien I think we ought to know that But you don't ha\e to test all 
the studenUi to do that You can do representative— 



Chairman Glenn Should we have national standards 
Dr Ri'THERFORD. Absolutely And we are far beyond the place 
where you can believe that e\erv village in America will come up 
with the high standards. We have hardly moved m standards trom 
the time when President Conant of Harvard went across the coun- 
try in I960 and visited the high schools and discovered tnat they 
did have a standard curriculum, the same in every school in .he 
land, and that the standards were dismal So rhetoric ^'^e^ 1 thmk 
the Nation has to decide what it wants its schools and children to 

be able to do. , , , . u ^ 

Mr- Aldrjdge- You can have national standards without having 

Federal standards . i i • i j 

Chairman Glenn You made that pomt earlier and i picked up 
on that It is a fine line If vou are on a local school board, you are 
going to probably refer to it as that Federal standard tnat came 

down here ^ - u * i ^ 

But at least we could start out by making certain that at least 

schools give a math course up to a certain le\el, and physics 

course, and anv chemistry course 

Dr RiTHERFORi) There could be standards for teachers I here is 

no rea^^on wh\ we can't do that on a national basis 

Chairman Glenn You think -.e could set standards right here 
and sav, vou cannot teach a math course in a high school in the 
United States of America unle^:: you pass X test \ou would set 
that as a national requirement"' , 

Dr RiTHERFORD No, but I ihmk one could start off \. L-ttmg a 
standard of what woi Id constitute a prepared teacher, and then 
each year sa\. this state and this state and this state and this dis- 
trict are falling below national standards 
Chairman Glenn Okav That's different 

Dr RiTHERKORD Let me comment on the teacher education, it l 
mav Two million of them out there, and e\ery time >ou talk about 
tr\ing the reeducate them, add up the dollars, you are talking 
about multiples of billions of doll ars I argue we need another 
method lor the reeducation of our existin^^ teachm^r staff, and that 
IS why we need to redesign the school -\sTem instead of. ist believ- 
ing we '^an do some sumnter workshops 

Chair.uan Glenn Senator Roth*' 

Senator Roth Mr Chairman, I am >on\ I am iate nd 1 am 
going to have to bave because of an a oointment. b ^ever 1 do 
think these hearings aie critically import.. U ^ 

Let me just mak^ a couple of comments I had a ^ oxxpif^ni science 
teachers from Delaware visit my office a fe'v days ago They were 
m town to receive the Presidential awards for Excellence in Math 
Science Instruction along with teachers from each of the states 
In speaking to them, I thought their comments were quite interest 

^^My concern, after listening to the..., is that we continue to^^lk 
and study and plan, but I gather, at least from these two individ- 
uals, that they don't see much happening. And that worries me 
very much The Chairman has a legislative proposal which may De 
very significant in heloing, I haven't had a chance to study it vet 
Chairman Glenn You will love it 



Senator Roth I am ^ure ! But I am concerned ^hat we have 
>pent more mone\ . we treated a Departnrient of Education, which I 
\\as> \erv active m developing with Senator Ribicoff when he was 
aiairman of thi^ Committee And vet we have not seen any results. 
L^i me start out bv ba\\Ag I am strongly opposed to Washington 
dictating euriculum I think that that could be a disaster In fact, 
after we created the Departr^ent of Education the first require- 
ment that thev [aid down wa^ that we had to teach a second lan- 
ijuage if there \vere more than a certain number of students, and it 
vva5>nt until after a bipartisan group of us— Sam Nunn and myself 
in particular —that we reversed that So I don't think taking it to 
Washington is the answer 

But what worne? me is that we create more and more bureauc- 
racv and we pour in more *'unds but it neve»* gets to those we are 
reallv trvm^ to help How do we he overcome this' 

Dr Rlthkrford Well. I don't know Some kinds cf help are 
troing out For example, the Energy Department national laborato- 
ries are providing training opportunities for high school teachers in 
-cience National Science Foundation is developing some new 

curru*ula and has some training 

I think part of it. Senator, i^ that the scale of investment is so 
iow that It reache> t(jo iew people I mean, what is it that these 
teacheri? jre expe nng to have come their wav. might be another 
wav ot puttink{ it, that could be provided for them"' .And the 
<tate> 

Senator Roth Let me ask vou, what do vou mean bv scale of in- 
ves^tment' Isn t it true that we are -pendnm more money per stu- 
dent than most countries" 

Or RiTMFRFoRi) Yes. but I don t understand the economics of 
that or how the numbers were arrived at But if we are spending 
-oiP.ething hke-the figure I saw was $-').200 a year per student- 
compare that to what it takts to educate a colr^ge student, which is 
easier That runs .>1-JH)0 to 514.i>iMi a vear. and aaycare runs of the 
<;rder m America of .?4.0(M) or $.'>.()(Mi a vear So we r uiv be spending 
'V' I*- thcin M)nH- othe' people but tho^e <ire iv^\ - - 

Senator Roth But thev are getting results 

Mr AldriO(sK Mr Roth, it cost us .^24.000 a veiT to keep people 
.n prison and we spend .>4.<HH) a year on education 

>'nator Roth Lv^t me sav. I know we can make these compan- 
ions Let's face the ta«.t there aren t tremendous sums of monev 
available right now 

Mr Aldriook Right Let me point out that some of vour more 
. onservative colleagues in years past, in the last i) years, svstemati- 
..allv made bure that we didn't do anv kind of national curriculum 
implementation ef'fort As a consequence of that, reforms and cur- 
ricula that came out o( the National Science Foundation died be- 
cause they couldn t be implemented The bill that is being proposed 
here reverses for the first time that I know of that trend We 
vv<;uld now permit ir iplementation of national or large scale efforts 
on a local level where the decisions are made locall> or regionally, 
hut btill they are national efforts 

When NSF putt> i'M) million in a project where everyone in this 
countrv is involved who is concerned about it in developing those 
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material> or methodolou\\, it ought tu be implen.ented, not die 

That i* what lia> happeiu^d in the la^t I> or in vea s? and that's 

Senator Rorn Are you t>a\in^ we should manciate ii then from 
Washm^on ' 

Mr Aluru)<»k rru\ iiiTiii the neces.>ar\ resources ib not mandat- 
ing You are ^impl\ making ii possible fuv it to be done by the 
people who know huw to do it and who have control over u at the 
local and ^tate le\el^ And it is this kind of national leaaership 
that we need, not the ^ort of thing where we prevent — systemati- 
calU prevent thing> like thi^ trom occurring And this did in fact 
happen 

Dr RiTHhRFoRi) For example, under the Eisenhower Adminis- 
tration it became possible to get local funds to put in scientific lab- 
oratories in high schools The schools weren't required to put in 
labs, but if the\ wanted to put in a lab or update it. the monies 
were provided b\ the Federal (government So it wasn't coercion, 
but it was support Incidentall\. that was the last time that we 
built new high hool laboratories m America 

Senator Roth Well, unfortunatelv I have to leave, Mr Chair- 
man, but I think nu area is nr)re important than what we are talk- 
ing about toda\ and I appreciate you gentlemen being here 

Chairman Glknn Thank \ou \er\ much We obviousl\ could go 
on tor hours with ea*.h panelist here this morning, and we thank 
\oa We ma\ want ^.;ibmit additional ^uest^on^ to you. as other 
people have, ^iid got)d lick on \our mission to Mcs«.'»w' here We 
w ish you well 

Our last panel thi.^ morning is Dr Philip Un Trei^man Profes- 
^or of Mathematics. Director ol the Dana Center for innovation in 
Mathematics and Science Education at Berkele>. and Betty Vetter, 
Executive Director, Commission on Professionals in Science and 
Technology of Washington. DC 

Dr Treisinan was recently recogni/ed bv Newsweek magazine as 
one of cur real innovators in American education His math work- 
-hups have an extraordinary record in helping minority students 
learn calculus Thev have been replicated in over 2') campuses, 

I was very interested m that because I guess my thought was. 
Dr Treisman. where were vou when I needed you' I got through 
calcula-. all right, but 1 struggled a litMe bit with it I could have 
used your help 

Our other panelist this morning. Dr Shirlev Malcom of the 
American Association lor the Advancement of Science Dr Malcom 
IS a well regarded educator and expert on minority education prob- 
lems 

And I should say about Ms Vetter of the Commission on Profes- 
.-^iona^s in Science and Technology, she is an authority on human 
resources issues, tmd particularly the underrepresentation of 
women and minorities m he scientific pipeline as well as future 
demographic trends 

So we welcome you this murning. and Dr Treisnuin. if you will 
lead off we would appr(*ciate it 
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TKSTIMON^. OF PIUUV Vlll TREISMAN, PH.I)„ PROFESSv)R OF 
MATHKMATiC'S, DIRECTOR, DANA CENTER FOR INNOVATION IN 
MATHEMATICS AND SCIENCE EIHCATION, INIVERSITY OF 
CALIFORNIA AT BERKELEY 

Dr Treisman. I appreciate the opportunity to speak with you 
about the difficult problems that vve face db a nation in improving 
math and science education 

I think It IS clear from what hdt> been said already— and if i can 
^peak as5 a teacher— that everyone has done their homework. The 
problem is quit*^ clear Although i* is true, as a popular back rap 
song savs, that ' Denial ain't j..^. another river in Egypt " 

It runs deep But I think that in my work in the university com- 
munitv in the mathemnics community, and in the community of 
teachers, e\er\bod\ understands that this is no longer a question of 
national pi ide ur >oc\d\ ju.-tice, but fundamentally a question of na- 
tioh-U survival 

Because there are distinguished panelists here who know the de- 
mographics and know the dimensions of the problem, I would like 
tu jU5>t ^peak as a teacher who works on these problems every day 
What are the i^^ues that I have to address as a mathematician and 
math teacher \n tr\ing to develop mathematically and scientifically 
literate students, especially minority students? 

The first thing, that was very hard to learn, was that most 
people vvurkmg un this problem, especially of produ^ ing mathemat- 
iCdllv literate minoritv students and scientificallv 1 tera! minority 
students, are working on the wrong problems There are deeply 
-eated bellef^ tha^ the problems— w hen I go out to schools and look 
aruund. when 1 gu tu uther campuses and look at other classes, you 
see that otn^ple believe the problemb are motivation People believe 
the piobleins are pour preparation at the level that precedes theirs 
People believe ♦luit iamili?s are a problem, and some reference was 
made to that todav People believe that income is th^ issue, that 
the pour performance of ^ranonties is an artifuct of their higher 
levels oi poverty 

But when in fact vou actually go out and look, which I did, 
spending 1^ rmmths setting up cots in the dorm rooms of my fresh- 
men, going Lo their parties, trying to sit with them, put them to 
bed, actuallv, and see how the> did mathematics and science, you 
(^uicklv con tu see that societ>'s views of what the issues are not 
real, at least from the point of view of the teacher 

MotivatU)n is trivial. It is easy to motivate students to learn how 
th^ir bodies work, how the universe works The students who make 
It through high school and into college often pay a very heavy price 
tu do so The students who make it into graduate school have paid 
<m enormous price, vet at each level the presumption is that moti- 
vation is an issue 

F^rior academiL preparation Someone mentioned that decisions 
about science are made by the Tth grade That is true, but it is 
reall> a condemnation of the schools. In fact, when you look at who 
does well, academic preparation is not clearly a factor at all even 
m college. When we looked at Berkele> students over 20 yt "S, and 
MIT and Stanford students, we found that in fact the students who 
were compelling, among black students in particular, .id students 
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of Mexican descent^ were not the students with the strongest levels 
of preparation. In fact, there were marked negative correlations. So 
our presumptions about the difficulty were not right. 

It wasn't just the fauit of the schools, the hi^h schools, who 
blan ed the middle schools, who blamed the elementary schools, 
who blamed the parents, and then someone's mother-in-law blam- 
ing tht person for marrying that character It was much more com- 
plex. 

In my studies of the families of students we had beliefs that the 
families were not supportive, but we found when we went out 
man>, many mothers with heavy kitchen implements, pointing out 
their children were going to do well in school. A^^J I have been told 
b> a relative who is an encyclopedia salesman that minority com- 
munities are the easiest mark for encyclopedias. The idea that fam- 
ilies don't care about their children are at the source of the prob- 
lem IS sort of genetically impossible. The species doesn't work tl" at 
way. 

Income doesn't correlate I will mention, if you look at black per- 
formance, income correlates negatively, principally because so 
man> black children who make it in higher education have parents 
from one profession— public school employees, which is why their 
incomes correlate negatively 

So we also saw that there were large numbers of students, the 
idea of families being the problem. If you look at the schools that 
produce m> best students, minority students, Garfield in LA, Jaime 
Escalante, 27 percent of all the Hispanics in the United States who 
passed the advanced placement in calculus exam last year come 
from this one high school 

Chairman Glenn. Say that again 

Dr Treisman Twenty-seven percent of all the Hispanic students 
in the United States who passed the college board's advance place- 
meat calculus exam came from one high school. Was it families 
that created — family support that created that school No. But I 
will tell you that famil> support followed the work of that school 
and those teachers As soon as good things were happening in that 
school enormous parental and community support emerged. And 
are those students good? He has 200, 250 students taking calculus 
ever> year, low income, lower middle class Hispanics. Yes, 50 of 
them are prett> mediocre from my perspective at the university, 
120 of them are reall> good, maybe 28 of them are fantastic, they 
could go to Stanford 

Chairman Glenn Was the movie pretty accurate on how he 
treats them? 

Dr. Treisman The movie was quite accurate. I have had 65 of 
his students up through 2 years ago. And then every year he pro- 
duces one or two students of awesome brilliance Rose EscovaU 
Roger Para this >ear, absolutely first rate students who I hope will 
replace me when I retire at Berkeley. So it shows what the poten- 
tial actually is. 

And when you look at the solutions, what ultimately are they 
from the point of view of a teacher? For us, we had to think— we 
had to realize thit this issue of developing science-ready and tal- 
ented minority students and mathematically talented students was 
being treated as an administrative issue and as a political issue, 
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and that inbti.utiunb had developed complex bureaucracies sepa- 
rate from real education to deal with these students. 

Moreover, in schools that started improving the performance of 
students in certain courses, like algebra, it was quickly cle^r, 
Stockton doubled the number of minority students excelling in al- 
gebra. What happened? Not enough teachers. All right. Double the 
load mo\mg through dn> important point and the system collapses 
because the teachers are gone 

Where are the successes'? The Garfields, Berkeley now producing 
a significant number of minorit> students, Soledad in Saint Louis, 
CVdra Barton in Brooklyn In every case it is a group of mathemati- 
call> and scientiricall> strong teachers who work in concert with a 
reasonable administration. And the focus is on solid mathematics 
and science Building community around the school, mimicking 
what I learnen about the success of my Asian students Integration 
of an intellectual life with a social life, formed around schools. 

Is, it hard to do.' You ha\e seen increasing numbers of schools 
producing these kinds of communities Perhaps four, certainly 
fewer than six, high schools producing half the successful black AP 
test takers What are the>*^ Poor, lower middle class schools with 
teachers who are ^..athematically trained, who love their disci- 
plines, perhaps recenuv divorced so the> ha\e time on their hands, 
but working hard with kids 

Now, I think what is clear and what most of these teachers have 
learned and that we have learned is that these problems have to be 
treated as educational problems, and one of the difficulties is that 
these student> are being taught a curriculum which is essentially 
irrelevant 

Bill Aldridge said it quite beautifull>, the pancake approach Stu- 
dents now are learning in high schools the same math curriculum 
that (]eorge Washington would have taken had he gone to high 
^cfiool Students come out o^ American high schools without learn- 
ing a single idea conceived in the last 100 years, a single idea 
learned in the 'ast 100 years The time has come to really look at 
thu as an educational problem 

' ^**paration ot teachers is going to be essenu<J The average age 
ot te«i.hers teaching calculus, chemistr> and ph>sics in high school 
i-> the o\er r>i>. AP courses As we age average energy— not every- 
"he eiteigv a\e?age energ\ goes down We have \er\ lew college 
-tudeiit^ intmesled in i)ecommg teachers Fifteen out oi the .')()() 
Berkeley Ireshman as one of their top five choices expressed a pos- 
' ible interest m becoming a public school teacher 

We need to construct strong national messages from every sector, 
prulessional Mxieties and Government, valuing teaching I think 
the religious sector also There is a slogan of my people that says. 
Those who choose to teach the young stand at the right hand of 
God,** and I think that has to be really put out there clearly 

Enormous amount has to be done to strengthen communities, to 
strengthen families, to strengthen school administrations But if 
there are no teachers there, nothing is going to happen In the pro- 
fessional communities I think we do need to think about national—^ 
not Federal — national standards. We need to figure out ways of 
supporting the scientific community, the AAAS, the National Sci- 
ence Foundation in exactly the wa> that vou propos.' in your legis- 
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lation, to make it possible for us— mathematiciarc aud scientists- 
to work on this problem. 

The Federal Government created the research university with its 
funding policies. Now it needs to figure out in what ways it can 
help to change the professional definition of the research and facul- 
ty communities to make it possible then to work on these ques- 
tions. Thank you. 

Chairman Glenn. Thank you very much. Ms. Vetter, Executive 
Director, Commission on Professionals in Science and Technology. 

TESTIMONY OF BETTY M. VETTER, EXECUTIVE DIRECTOR, COM- 
MISSION ON PROFESSIONALS IN SCIENCE AND TECHNOLOGY, 
WASHINGTON, DC » 

Ms. Vetter. Thank you for the chance to talk to you this morn- 
ing about some of the ways that we need to go about recruiting and 
retaining women and the minorities, and I am going to stick with 
women because we have got two minority specialists here. 

You are already very familiar with the depressing statistics 
about tht performance of American youth, and especially girls ar d 
minorities, on both the national assessments in math and science, 
and ill the mternational competition with children from other na- 
tions. You are also aware of the need to recruit some individuals 
out of that 66 percent of the population that is not white and male 
if we ever have an> hope of ha\ing enough scientists and engineers 
in this country. 

But what I would like to stress this morning is what it would 
take to have a little leadership that would do something about the 
devastating effect on achieving our objective that is wrought by our 
societal mythologies about girls and boys and minorities of both 
sexes The pervasive attitudes about the superiority of white boys 
in math or in mechanical or spatial concepts over either girls or 
minority boys, except, of course, Asian boys, assure that neither 
girlb nor minorities will generally make the effort to do so well in 
these things 

Of course, since we ha\e convinced ourselves that the Asian 
>oungsters in our midbt are inherently superior in science and 
math, then most of the non-Asian youngsters, including many 
white American bo>s> als>o, drop out of the competition because we 
also teach our boys that it is shameful if not dishonorable to be 
beaten by unworthy opponents like girls, or even Asians. 

So the number and proportion of American boys planning to 
enter these fields has dropped steadily ever since we let girls in, 
and since Asian immigrants increased in the 1980s. 

The accomplishment of the Asian students, incidentally, and par 
ticularly the immigrant Asian youngsters at the prccollege level 
over the past few years, gives us an excellent demonstration of ex 
actly what I am talking about. What happens when everybody as 
sumes that because you are a member of a particular group — in 
this case Asian— you are particularly good at something such as 
mathematics. And, of course, the mythology tells you this. Every 
thing that comes up tells you over and over again how good you 
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are at this bL>caus>e, of course, vou are Asian and all Asians do 
math 

Of course, the opposite also is true. If you are told often enough 
that girls aren't very good at math, or, *'0h, that's okay, honey, 
vou don't have to do this, I couldn't do math either", or that black 
children aren't as smart as white children, then the individual will 
give up when something is difficult or not understood. 

And the conclusion of all this is that it is not just our children 
that need to be educated, it is our whole societ> It also shows us 
ht , valuable it might be if we could provide our girls with enough 
&elf esteem and confidence about their abilities that not only would 
thev not drop out of math and science as soon as possible, but 
man> of them would be persuaded to enter science and math fields, 
particulaily if the> understood that the Nation needs them They 
don't understand that because it is never told to them. 

We know both from research at the University of Minnesota- 
must recentl> in a program for gifted mathematics precoUege stu- 
dent> known as UMDTYMD— and from several other studies, that 
girls v\hu are mathematicallv talented are much less likely than 
Mmilarlv talented boys to be select ?d by their teachers or by their 
schools fur special programs for ^he mathematically talented, or 
e\en tu be recognized b\ their families as being exceptional and 
r,r:».ded with a supportive home base 

iUrU who do \vell in math are assumed b> their parents to have 
/ urked \erv hard Bovs who do well are assumed to be very talent- 
t 1 When found qualified, the girls were more likel> than the boys 
t«' reject admission to anv special program for the mathematically 
gifted children And of course once in ^xxch a program, given equal 
abilitv and equal K''*des, the girls were less likely to persist The 
lack of appropriate support, either from school or especially from 
the tamiK. . veil a^ lack of other girls in the class, ar. all impor- 
tant Issues L^t It ife also important that the uiesbage (^f society to 
mrls IS that bo\s won't like them if thev are smart That is what 
wt> tell theni nn\\ (Wrls aren't supposed to be ^mart, thev are sup- 
posed to he preM V 

Your proposal k^r scholarships, one each to a girl ard u boy in 
t*vt"fv Stalt^ woulH ci t uMiu^ndoii^ vimoiint to >a\ ir. a v'erv direct 
wav, girls can Uv ,<ience and math We have extensive evidence to 
^h()w that diflerences in capabilitv and talent and personality are 
much greater l>et\veen individuaK of the same sex than are the 
uonerah/ed du'erences betwtn^n the sexes But teachers and par- 
(Mits and souetv in general continue to assume that little giils, in 
CiJinpansoi' Mth little boy>, are better at reading, not good at 
math, less natuiallv aggressive, muic interested in nurturing, and 
-0 on ad nausea ni 

The assumptions are damo'^nng to both the girls and the boys 
The teacher^ continae to treat girls and boys differently, even 
those who would swear they didn't They call on girls less often, 
pav less attention to then answers when they have been called on 
They provide less praise for then ideas, and they cut them off or 
allow the bovs to interrupt them before they complete their state- 
mer.ts 

The-e well documented differences continue in college and into 
the world of work There has been no national effort of any kind to 
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try to encourage girls to prepare for science and engineering ca- 
reers There have been a lot of programs aimed at minorities, 
which are good and should be continued. The one program that 
was set up many years ago in the National Science Foundation to 
support one-da> workshops to encourage women to come into sci- 
ence and math were stopped a decade ago. So were the programs 
for reentry women, to take women who had a bachelor's degree in 
one of the science or engineering fields, science particularly, and 
retread them, get them ready to come back into the world of work 

Today'b young women are not encouraged to consider careers in 
science or engineering They have never been told they are capable 
cf being excellent in science and math, or that they are needed 
And the perhaps equally important piece ib they don't even under- 
stand the importance of math and nobody thinks to tell them Boys 
do understand why it is important to go on in m?th They are not 
quite sure all the time, but thev get the good message that it is im- 
portant. Girls never get the message. 

We are now producing fewer baccalaureates in the natural sci 
ences and in engineering every year, starting with 1986 as the 
peak We will drop now numericall>. In engineering, for example, 
we are dropping about 14,000 degrees a >ear at the baccalau.'eate 
level, and we will continue to do that for several more years, but 
women are not onl> decreasing numerically, they are now starting 
to decrease proportionallv, and thev never began to reach parity 
with the men m this area 

Both men and \somen freshman indicate a declining interest in 
majoring in the natural science or engineering fields, and at the 
higher degree leveb which are required for professional positions 
in the sciences, women earn onl> 1 out of 5 of the Ph Ds in these 
fields While their percentage of doctoral awards is continuing to 
rise, very slowl), that is due as much to the reduction in numbers 
of American m^'n as it is to the increa.se in the numbers of Ameri- 
can women 

There are a number ul excellent programs sca^ered through the 
Nation's schools that have started in the past few years to improve 
science and math education, and you ju.^t heard about a couple of 
the more far out and long term ones that I hope ultimately will be 
widely available But the probltm is to locate the small, healthy 
trees m this great vast forest of mediocrity, and then to make sure 
that the root-stocks? are available for transplant into other school 
systems that are ready for the change 

The National Science Foundation, which has funded several of 
the pilot efforts, ought to be perhaps responsible for determining 
which ont's have been proved effective and should be made avail 
able, but certainly the clearinghouse that your bill proposes is verv 
vital wherever that clearinghouse is located. 

Several States are moving ahead, both separately and in groups, 
to institute new educational programs and policies at the precol 
lege level. Man> professional groups— and you have heard from 
some this morning— are working on new curriculum concepts. In- 
dustry is providing more and more support to individual schools, 
and to individual school programs All these activities are needed 
and they must continue 
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Th^^re are very few programs that are designed for women One 
of these is the Math/bcience Network, which got started at Mills 
College about IT) years ago It now reaches about 7o,000 girls a 
year. That is great. It is nationwide, but 75,000 girls is just a drop 
in the bucket It should be available to every girl, but it isn't be- 
cause they don't have enough money. The University of Minneso- 
ta's program, known by its acronym, UMPTYMP, has obtained :^ 
vear funding from the Bush Foundation for an intervention pro- 
gram to solve some of the problems in the participation of mathe- 
matically talented girls, and to select them. But the problems that 
have been found in Minnesota for that program are not unique to 
Minne,sota They are everywhere 

To reach the important goal of :»^creasir^ u'lr output of scien- 
tists, we need more women out of the shrinking baccalaureate pop- 
ulation to go on into graduate school and tu continue their gradu- 
ate stud\, but thev are going to need some additional assistance 
that isn't now avadable Women science graduate student^ now are 
presently less likelv than men, including foreign men in the same 
field, to*ha\e either institutional or Federal support during their 
graduate studies I hev are n;ore likelv than men to be self support 
ing or to have to borrow monev tu get through National fellow- 
^hlp^ to support graduate ^tudenti. ha\e declined very sharply over 
the paM decade, and instead, fund^ for hiruig research assistants 
have gone to academic researchers, w^h- .ire mostly men 

T\picall\, the male facultv v\ho get most of the research grants— 
because there are so few female facultv jn these fields— prefer to 
use male graduate students to help with their research, or prefer 
ablv even male foreign students So research assistantchips, which 
provide an apprentice .-aip researcher- working on their Ph Ds, 
are jUst generally not as available to women as to men 

Women graduate students are more likely to have mstitutional 
support, which is Usuallv in the form of a teaching assistantship 
and, unlike a research assLstant^hip, re^u<res extra time from the 
graduate research program to prepare teaching materials, and in 
some cases, to grade papers 

It should be noted thai although the cost of a graduate education 
in the same institution is the same for mefi and women, the- ability 
to repav education loans i^ affectc-d bv the fact that women are 
paid less than men once thev ent'^r th'^ ^»^ork force Among full 
time workers, wcmien earn less than raen with the same degrees 
and exp' rience le\ei iii e\ery field of scie-ce, and the difference in 
creases with years of experience 

Women have one additional nee-' which results from the lact 
that their best vears for graduate stjd> and for the early profes 
sional vear^ and the best years for t.hildbeanng coincide While 
child care should be a joint responsibin y for parents, the reality .s 
that Women with small children need ci Jditional monetar> support 
to cover child care expenses while they complete graduate work 
and do their early years on a post-doc.oral level 

The lack of funds for child care ?nc.y require even the best 
women graduate students to withdraw from a graduate program 
Beginning next vear the National Sciencn Foundation has just des 
ignated HO of its 1,000 graduate fellowships as a set-aoide for 
women in engineerim^ That's great but there aren' enough 
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women in engineering to take them yet. It is too bad they don't 
allow some of the fellowships to go to women m the physical sci- 
ences, where we need them just as much. It is a step in the right 
direction, but it is not enough 

While the role cf the Federal Government in precollege educa- 
tion is limited, I thmk it is also a vital one. Some of the legislation 
of the past, if fully implemented, could go a long way to take care 
of some of ti:e problems of recruiting minority children and girls in 
science. Even small amounts of educational difference make a sig- 
nificant difference in the outcome If intervention doesn't occur 
here, doing it later is too late 

Head Start, for example, is a proven program which compensates 
in many ways for the lack of enrichment that is suffered by many 
children pnur to entering kindergarten, but in 1988 only one out of 
five eligible children was served hy Head Start There was no 
money 

Education, including intervention education, pays. It is the dter- 
natives that are so costly Tomorrow's college age population from 
which we are going to have to draw tomorrow's scientists and engi 
neers, is going to continue to contract through the mid lOSOs Thib 
provides a window of opportunity for >oung men and women which 
apparently is not yet visible to many of them. 

It also provides a real challenge to the Nation. America's talent 
pool includes equal numbers of males and females, and they come 
in all skin colors As a nation, we can no longer afford to waste an> 
«jf the talent But avoiding the Wciste is going require equalizing 
some treatment in the school and the workplace, some shared re- 
sponsibilitv for home nnd familv, and p^^rhaps most important of 
all, a change m societal attitudes toward girls and women A little 
leadership from t[»e top could make a big difference That task is 
immense, but the alternative is unthinkable 

Thank you 

Chairman Glenn Thank you, Ms Vetter 

Dr Shirley Malcom, the head. Directorate for Education ^r.d 
Human Resources Programs, American As^oLiatiun lor the Ad 
vancement of Science, welcome 

TESTIMONY OF SniRLE\ M. MALCO.M, PH.D., HKAI). DIKECTOR- 
ATK FOR FDI CATION AM) HI MAN RESOl Rt ES PROGRAMS. 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF S( I- 
ENCE, WASHINGTON, DC > 

Dr Malcom. Gooo morning Thank >ou ver> much for the oppor 
tunity to come and talk about the issues that relate to the partici- 
pation or under participation, we should sa>, of minorities— blacks, 
Hispanics and American Indians— in scientific and engineering 
reers. 

I am a big fan of puzzles and detective stones Now, imagine 
>uurself in a detective stor> You are a detective who is brought in 
to solve the case of the leaky pipeline. You are shown a statistical 
picture of the kindergarten class of 19G4 There are a lot of black, 
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Hispanic and American Indian i-tudent^ tlure Thev make up at 
least 12 percent of that class 

Then you are shown a picture of the Ph D class of rJ88 What 
vou Hnd is that of the 749 doctorates that are awarded in mathe- 
matics b\ US universities, onl> 341 were received by U S citizens, 
only SIX of whom were American Indian, black or Hispanic i want 
to repeat and underscore this point Only six Ph Ds were awarded 
to black, Hispanic and American Indian citizens in 1988 

One Ph.D went to a black American Similarl>, J of 514 Ph Ds in 
computer science. 28 of 1,302 Ph.Ds in physics and a'^tronomy, (>(> of 
2.01S Ph Ds. in chemistry. 12 of T2() Ph Ds in earvh, atmospheric 
and marine science, and of 4,190 Ph.Ds in engineering were re- 
ceived b\ members of these racial ethnic minority groups 

And ! would venture to guess that of that tni. a disproportionate 
^hare probably came out of Howard Adams (Graduate Engineering 
IVograms for Minorities This is the m^ignitude of problem that vse 
are facing here 

No\v, can v>e afford these low le\els of products ity uhen minori- 
lies become one third of our N.itioii at the turn of the century*^ I 
Ihmk not Wh\ are the numbers so lou at the Vh 0 level * Where 
did the people go* 

Well, one of m\ bos.ses. W liter Masse\, a black physicist who is 
the chair of the A. A AS board ol directors. -a\s that there are .so 
tevs minoritv I^h 1) scientists because there are fevs undergraduate 
minorities in .science and etigineennt;, because there are so fev. 
who come from high ^K.hou\ he<i(led to\^a^d ^uence and engineering, 
and on and on 

.Some of t^e students went to work after t[ie\ completed the bac- 
wilaureate degree Hut vve kno" that it wa.^n't man\. because mi 
noritieN ate underrepresented at tlie ha(.(.ahiureate levels just as 
thev are at the IMi I) levels 

Whv can't we get more people* 1 think that the panelists '.h 
have preceded me have outhned a lot of tlie factors that we ar'e 
Icicing as to w hv we can't attraa more minor it v students Kev 
.n?u/nK those is tliat we tend, for minor itv students, all too often to 
p«irt.' ipa.U' m a situation of weeding rather than cultivating 

Rather tlt.in taking the students tlutt we have, taking them 
where thev hai)pen to be, wh<itever thev bring in, wliatever 
strengths or defiuencies or <inything. and moving therii lo some 
place th.)t we perceive thev have to go in order to be successful, we 
[Kirticsp ite instead in weeding out rather than cultivating 

We don't retain th- minoritv students who come in wilh a.i iry 
tent ion cis freshmen to m<ijor in science <md engineering We don t 
retain them lo the bacc<ilaureate degree Mavbe if we had 'M^ more 
Tri Treism.ins running <iround the countrv trving to \vA\) people 
understand what thev .ire doing to people, we would do a better jo^ 
of this, but we don't We have one On and one Betty and one Shir 
lev and one of all of u.^, <ind unfbrtunatelv there is just so much 
that we can do 

That i.s whv we have to have things that multiplv the etfect of 
what we uin do lo provide the technical a.ssistance to help people 
understand how thev, too, can put .something into place that can 
interven(\ that can kee[) nature from taking its course 

O 
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One of the thuig.s it is important to realize is that what we are 
dealing with is a total bvstems problem which is going to require a 
total s\ stems solution There are problem, with regard to teachers 
There *are problems with regard to the way that our schools are 
structured There are problems with regard to curriculum \\e 
have no idea what we want our young people to know and to be 
able to do We cannot yet articulate it, and we cannot teach that to 
which we have not ourselves committed. 

There are problems with regard to just vesting the concerns in 
schools, because learning does not only take place m the sciiooL it 
takes place as well in the community and in the home And we 
have to ha\e a coordinated approach that reaches out to all of 
those places so that children are enabled to learn, that they are 
given the opportunitv to learn 

Todav we are holdu g a meeting at AAAS. a training session lor 
a group of ministers c nd lav persons who are participating in the 
\AAS Black churche.-> program Thev are running math and sci 
ence programs alter school, on Saturdays Many of them have com- 
munity computer learning centers that are there in their churches 
as a part of them The\ are trying xo reach out into communities to 
make a difference \V\- haye to multiply that effort and multiply 
the eilort ol all ol the other gioups that are out there who are con 
oerned c bout tht- education of black, Hispanic and American 
Indian kids i j i 

We are not goin^ to s(Jye tht-M- |)roblem^ working independentl\ 
ol each other We all hciye to do our part, but we niu.st do it in the 
context of a coherent strategy We are going to have to bite the 
bullet and say. our system is lailing " But we are also going to 
tuive to reah/'e that m so many ol these casrs it is not our children 
who need fixing, n is our system 

W\* have programs that .ire out tht*rv. hundreds of them, thou 
s-.idsol th.t'm Bt'tty W-tter mention'-d some of them We have hsl 
ngs ol a lot of tht-m W\ net-d more of them, but we cannot ignore 
the formal educational -y.stem W" can nevrr create enough infor 
inal pr-ogr.ims to repLice or substitute the formal educational 
s\stem 

' !iut the mlormal program^ are instructive, they ^ive a message, 
thev teach us a lesson that we haye to listen to When you have 
academK<illy competent |X'ople teaching who are enthusiastic who 
c<ire a[)out their subject, who expect all of their iildren to learn. 
\\hen you proy ide high expectations and an opportunitv to engage 
in suer..- discovery <ind in mathematics learning, these children 
respond . 

I think that ir historicall> black colleges and universities and 
our institutions MTVing Hispanic and American Indian students in 
substantial numbers have taught us that when a nurturing and 
(.ultuatmg strategy is employed, those students respond We know 
v^hat we have to do Now we must have the leadership and the will 
and the commitment to move forward with that knowledge 

ThanK vou on, i n i i 

Chairman (iLKNN Thank vou very much Thank all ol >ou 1 
wish we had several hr)urs here 

Ix't me try and simplify this a little bit and find out if 1 am com- 
pletely off base on some\)f this I mentioned earlier, kids tend to 
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rise to the level of expectation And we talked about the Asian 
kids» there's an assumption that they are good m math "automati- 
cally " No, It isn't necessarily that. It is the fact that the Asian 
kids by and large have a very coliebive family unit and the families 
expect it out of them 

What vou, Dr Treisman, m effect do at Berkeley— and I read 
background iP:.terial on vvhat you had done there— is very interest 
ing You did not take the remedial approach— that you are a 
dummy, Tm going to prop you up in this area here. 

You took the opposite appioach that said, okay, we are going to 
have a workshop for excellence. It wasn't remedial; it was how ex- 
cellent can you be In some ways you are sort of filling the family 
role there. You are an absent fanriilv unit, if you waited to over- 
simplify it. Does that oversimplify it*^ ^ 

Dr Treisman I tir.nk another member of the family I thinK 
there is a little danger in thmking about it only as a question of 
examinations U it. true that children rise almost to the level of ex- 
pectation, but there al^.o lia^ tu be ir.ubir.tance There has to be suo- 
stance , 

The human species, a> (\irl Sagan said, wants to understand 1. 
♦here are rich enMronmenis m which students can learn and there 
aie expectations tliat they will do so, everything I have seen in my 
life as a teacher sliows that students will respond 

Chairman (}kknn An\ of tht* rest of vou want to comment on 
that' 

Ms VtrrTKR I think he is absolutfU n^^ht 
Dr Mauom Absolutely 

Mb VE-rrKK They will also respond m the opposite direction 11 
>()u ire assumed to be incapable you will n-acli thi^ level of incapa- 
bility that vou are assumed to have 

Chairman Glknn See, we get t )rn two ways liere We are devel 
oping new curriculum, we are doing ail these different things here 
on curriculum There lias to be tlie substance there, 1 grant you 
that But then vou make a \er> powerful, powerful case with the 
examples of some teachers that just b\ the dynamics of their teach 
ing are centerb of excellence beyond anything you would normally 
expect out of whatever the curriculum is or is not m particular 
schools You point out a half a dozen schools in the United States, 
high schools that you know of^ thai are supply points for kidi^ 

that , , . r M 

Dr Tkkisman Hut thi-se tt'acluMs learn - if >ou look al daifield. 

in the earl> davs thev started with the worst kinds of instructional 

materials, crank and plug, rote drill They liked it, their students 

liki*d It And the\ discovered a year or 2 in that their students 

couldn't do anything And thev were forced to figure out— in their 

words— how much time they could buy to free themselves from the 

textbooks , , . , 

In my case it took or 4 years of realizing that I could help stu- 
dents get As in calculus That was relatively easy Helping 'hem 
really to come to the next level of doing mathematics required that 
1 rethought what calculus was about Our college courses vvere 
compressed post-Sputnik They were essentially sorting and select- 
ing devices designed in a time of surplus 
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No student with intellectual integntv can learn ph\sics from col- 
leu'e ph\MC.s cuiH>e> It a)rne> so quickl> th<it >ou *.an oni\ learn it 
tormallv So thev are reallv twin problems There is the question of 
consuuctmg academic curnmunitv, of providing teachers who have 
the freedom and the ability to actually teach and to work with 
kids, and on the other hand there is the question of substance 

Chairman Glenn How important is this spreading out the hole 
process of m.ath and science education that was mentioned earlier 
todav so that is an ongoing process through a number of years, 
ratl.er than taking kids up to a point and then saying, bang, you 
are now immersed 'n this and then vuu are out and immersed in 
something else"* , ^ 

Is that a ver\ important factor or i> tha? a minor tactor 

Dr Treisman In the middle U \^ an important significant 
factor 

Chairman Glenn M> Vetter. what ij you think' 
Ms Vetter I agree that it i5> an important significant factor It 
li. not the onh one. but I think it v\ouid make a lo* of difference 
We bring children m too fast and send them back out t(K) fast, from 
math, from science The\ are expected to learn all the phvsics they 
are going to get m \ \ear and so man> of them don't even ap- 
proach phvsu> 

Chairman Glenn .Are thete>tuig program^ \alid— \ou heard the 
con\ersation here a moment are— are the testing programs \alid 
that compare our ^tudent.^ with other -tudent> around the world'' 

Ms Vetter Oh. ye^ I think the> are 

Dr Treisma.n Tbelieve that, unfortunatelv. the\ are and that 
.■^omet;me^ teacher^ are derensi\e about this and look for— m Chica- 
u'o the a\erage third grader -ome \ear? ago tesu^d at the level of— 
third gradf- black student-tested at tht legal^ of mental retarda- 
tion \na V r^-spon^e of the L()mmunit\ and the teachers was test 
bi.\> Weh nia>be thn*e p»)iiit- I imwn it in nnier ijt rna^'nituae 
three ord(»r^ ot maciutude 

'^hairman Glenn Well, if the test >cores are \ulid, then where 
are we going wrong ^ Is it m the teaching then'' Do the foreign 
teachers have a better grasp of things* Do thev motivate'' Do tht\ 
do the things like you are talking about ' Do the\ have more expec- 
tation their students' 

What IS different then* Because in foreign nations thev have 
t)lack kids, they are native Indian kids, ^hey have ail sort.- of kids 
So we can t sav that that is our big difference 

Dr Treisman It is clear that the Soviet Union has roughlv the 
same kind of diversitv that we do 

Chairman Glenn Well, not quite iis far as m.'noiity— it is a dif- 
terent minoritv representation, but thev have ^omie minorities, ves 

Dr Treisman Thev have manv minorities It is not a question of 
diversitv. I think I think it is also clear that none of the countries 
m the world is doing especially well I mean, the differences are 
there, but there don't ^eem tu be students who are reallv excelling 
in the large 

But I think that it is a problem of numbers of hour<^ and num- 
bers—just raw numbers of hours of instruction, the working condi- 
tions of teachers, the things that teachers are responsible for If we 
look in communities now ethnographicallv. i^tadying the black stu 



dtMll^, Nee them turning home cind \\.iichm^ Di\orce Court We 
need in tact to rethink hov, main hnur^ of schouhnK there needb to 
be 

Chairman Glenn Doet^ that tjet back to tamilv expectationi? 
then. tamil> control, tamilv dictating v^hat the kidb are going to do 
A hen the> are out of ^school * 

Dr Treisman I think that if bchuul> m man> communities were 
^ t() 'k mixed vMth davcare and \vere >ear round, there would be 
enormous buppurt 

Dr Malcom You know, une of the things that we have seen l^ 
th.xt a lot of these after ^chool {.rograms in fact provide the kind of 
akern.it i\e Where the aitt^nt^tive exists, the kids actual 1> flock to 
It It i.s not a matter that :he> are looking to go to i?ee Dnorce 
Court> it IS just that that is the on'y thing that is there 

H there were other thmg^ that were there, other optlon^ f jr en 
paging in meaningful activu\, I think that m fact the\ vs ^jld do 
that Y«>u a^ked the que>tion about the international comparisons 
and v\hether the> are \alid and what are we doing WTOng. One of 
the thing> that I >ee. quite frankl>. is that we don't actually give 
.*ar kid> the content that wuuld be needed to answer the question^ 
perturm well on tho>e te>t> We have feu dumbed down and re- 
duced tlie curriculum to a point where the> don't get what the> 
n^ed to make -en^e oat n\ :he thinc^ that are asked on ^he exami- 
nation 

We have to have a reiook it the currKulum I think that people 
like Jaimt hVcalante and Cri and uthe' teacher^ who are out there 
tre successful in ^pite ot the curriculum and, in fact, have to 
ignore u in order reallv to make the kind> of prom'es,^ with the ^lu~ 
r*ent^ that need.s to be made 

We du have to do somethmt: wiih that content, because evervon,* 
i> nut that kind of teacher Mo^t of these children will not be 
served r . heav v hitters The> are going to have regular people who 
have \j .-omehow provide the students with *^e opportunity to 
V^r- the subject matter thai we think is im^ ant and is neces- 
sarv to be Nucces>tul and productive within the work force and as 
citizens? 

Dr Trkisman I think it is opportunii> to learn, that's the larg- 
est factor that we can influence If students bee — looking at the Na- 
tional Assessment of Educational Progress and going back and 
.^ludving what students have been at varving levels of performance, 
>tudenti5 who have seen good mathematics and ."-cience do very well 
on mathematics and science tests Student^ who have workbook>, 
drill and practice, do very poorly 

Chairman Oi.enn Should we be putting a lot more into teacher 
education'^ 

Dr Treisman Absolutely 

Chairman Glenn Teacher qualification, teacher ^tandards*^ 
M- Vkiikk .\bs(jjute!> We d»d Mrnething toUillv unintentional 
*vfi»^n we decided to op)en the world to women so that ihe^v coLild 
be bomething besides a nur^e or a teacher, which is the only thing 
we used to let them do And we didn't realize that what would 
happen is that we would lose this cadre of dedicated teac! '*rs be- 
cause thev would now be able to go do something else, and we 
didn't make up for it 

■ . f) 
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Well, as the teachers got worse and worse and we of course, 
were trying to gn.w more teachers very rapidly because our stu- 
dents were increasing, and the teachers did not keep up. so we 
started paying them less and respecting them less, and this went in 
a VICIOUS circle where the teacher^ ^ot down to th. quality that was 
so exceedinglv poor— and many of them are still \n the school 
system. 

Now. we are gomg to lose a lot of the rest of those \n the next 10 
years simply because the\ will get old enough to retire But if we 
"don't do something very inten.^ivf to make sure that their replace- 
ments are able to do a better job. I think we can send the w^hole 
thing H-^wn the drain 

:v1alcom. I think that there is a ke\ issue also m the fact 

.at as the minoritv student population is mcrea&mg, the minority 
-h^- population ib decreasing. Now. that is not to sav that e\er\ 
mil* -1' r kid needs to be taught b\ a minoritv teacher, but I think 
that I. bends the wrong message to the minoritv kids as well as to 
the majority kids when vou do not see minority teachers And I 
think that thi^ ib bomethmg that w ^ are really going to have to 
deal with 

Chairman Glenn I^ thai > "ir experience, too. with the^e groups 
now' For instanvv— and I don't want anvbodv to misunderstand 
thi^— it vou take a couple of black kids, and \ou have a group of 1^" 
and y >u have got ^ome Asian kld^ and others, does race plav a 
lactoV iu then acceplabihtv back and torth Do the Asian kids go 
tor an Asian academic excellence t^roup that they bat ideas off of, 
ais you describe in the hterature, and if a black kid mes into that 
he i^ not <icce|)ted bv that gr^ ;) And vice versa'^ 

Dr Thhsman* I think, unforlunatelv. on average i true, and 
It li^ >kid It ^-etlects a failure of our >()Cietv I cert.Mnlv to v.^ork 
harder to reach out to m> students to make it posMblt r me to 
really interact with them a^ human hemgs And the fact that there 
are no black facultv 

Chairman Guknn Cnfoi tunatelv , there are a lot of hurdles we 
are not over vet, obviouslv 

Dr Mau OM Well, vou know, one of the things that makes that 
tough i^r. that when vou are a black student in a phvsics program. 
h)r example, at a majoritv in. titution, in all likelihood you are the 
(•nlv one You have no one to study with You don't have a support 
>vbtem You have to find vour support system some place else This 

often true with women too When >ou have this isolation, it 
niakes it tough If vou can reach critical mass, get enough people so 
they can support each other, vou are Ubuallv in prett> good shape 

Chairman Olknn We are on a vote— and I hate to end this even 
though we are wav over time here— but we are on a vote and we 
are down to our last few minutes So I have to go for the floor here 

We appreciate >ou all being here this morning It iias been very 
interesting We obviousl> need a day for each one of you here, not 
as a panel So thank you all very much, we appreciate it 

The hearing will stand m recess subject to the call of the Chair 

(Whereupon, at 12 'M) p m . the Committee was adjourned subject 
the call of the Chair ] 
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Reform m Science and Mathematics Education: 
Strength m Numbers 



Mr Chairman: 

Let me begin by thanking you for the opportunity to appear before 
this Committee today to share some of my thoughts on one of the 
most troublesome problems facing our nation: the fate of our 
children in an increasingly techno I'^g ica 1 world 

While I have sp'-K<^r fatten this subject, 1 have not had the 
pleasure - as I '.'lay - t testify ai a Congressional hearing 
devotea si^leiy the subje t of science and mathematics 
ediK'ati'^p ref^rr' : ^omrend ycu, Chair^u^, and your 

coPTTi^fee tor -"^v.vermg i day s hearing, an-j I look forward to a 
n'^rniii^ t c^'^.^xi'. t . v dip'-asoion 



•^^ rmar , * »• ♦ f^.»e1 ?td-*^s fa a ?af-j*> and demand 
;i<^ sirrf . -♦d**^^, nur K^mdn-l t <^ i ^^n t i s t s and engineer*? 

>r ■ ;.^-'^r? ^Ji^ n, j j a * ,n f^ver> se-^t' r '^t ur 



tat, • ' ' " J. t : -il • ^ ♦ J " . = : ' ^ r t s t nat an a vex age 
. U\ , ^ ' ^ . j^iiif.q ^inf^*.-r r 4 d*>'it»'^'S wil! ''p^^n up in 

-•r\ t'^'-v- ^ 1 ani \^^^ W_^t a j-.' jiining quantity of 

-•'^"j i t*^' i » iarly men ar -1 <ri i n^-.r i * les , are interested 

^.ur?.. -ii-''^''S . eng I ''ef>r ing *en ''-' and rnat- hemat i cs 
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Today wp stand at r r<^s'^roads , a? a true omergenry in science and 
mathemalus e.iu.^dt ivn takes sha^'t^ all around us For example, 
ot all 'Elementary school science teachers fail to meet the 
National Science Tea'^hers Association's minimum certification 
requirements, and "^^^ of science teachers in grades 7-9 fail to 
meet those requirements 

Of the nation :»4,on;t high ?'h>ols: ^ 000 offer no physics 
-^ijrs>, 4,000 ^fter n^ h^'nu^'ry and 2,000 offer no biology Of 
the high s.^fv-ls -vhich d.^ or*^i sci^-.ce courses, the proportion 
that aUo -fiei ranjs -r .^bor<-v -ry -."^rk has dropped from 53% 
in 1^^" to t'-ri<^y M^re one .n three high ochools does 

n , ,{tMi on u^h ' opa^ - evpn • best <^tud*-ntf^ to enter 

. ; - .rM:**- i^^r^l t fu' 'hited States 

,,,^,5 ; -^fY." ' " !, ^ij-tii, 1^'^' wi geometry and 

, .... > - 1 ^Hh -'ai/ I . i»-gi.'-iv^und high 

, 1 r*'.*'^" AiTi'»w^an students 

. r , . 1. 'I > * ' ' - .'-Ti' ^r,d V"^**!*^' '""^ 

-> J. > ..Alt' 

, , • . . ' ; V , '-^ . ».st 1 thps*' t lel do 

, k , . . t . . ^ , . » ; ' 'J*' * ^ * f^* • ^ ^ r y e d J at i 'Ti 
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The percc*ntage' ot vollege freshmen choosing to ma 3 or in 
engineeimg has deciined 2n m the last 10 years, while the 
percentage choosing to ma)or in computer science has declined /5 
percent And in 1^86, 55% ot all doctoral degrees in engineering 
awarded in the United States went to foreign stuaents, and 23% of 
ail doctoral decrees in science went to foreign students 

tuither exa-^erbate the problem, oui changing demographics ^re 
startling Blacks and Hispanics curiently make up 70% of the 
lUutt^d Stdtev^ population, but account ft r U'ss than 2% of 
dort'^rai degrees m science and er.gineeri.ng 

B> ♦he y^»ai 7i^2r, ih^s^ two groups will make up L-ne-third cf the 
An^^t 1 an p"j.. 'ati n, and yet ^f-- ate tai.ling 1 incorporate them 
ir.t t-ht' s i*'rir<> and engineering pipeline T-^day, 63* of the 22 
y^.^i-_ >; 1^ ^r. * ' , i r f>d Stat*>s aie npithe* white nor male and the 
pt'i ♦-T'taj*^ - . i^-dbing- .y\usx td[ int-^ that p'K^i 

- ai*-** ' ^ - 1 '1*' Ti , w»' n*-*' 1 ^1' /!()(' n<->vv i*' len-p 

U' 1 ^ . - a i.: .^'.^ b> .^J'^ By the yeax 

^ . ♦ 1 • 1 -f, » ♦ 1 . . f ^ " , " ^ M^rr > ^-r < and 

, . ^ , r'« t > - ; 'a- • .-rf -) . r . ' ir 1 ♦ t ' . ' i » « ^ i^^'j^e j^- ^' 1 ^^♦i 

. t w ri' « , * f t ' t . , ^ » ) fi J ^ , - t Lid^Mit { ' pu 1 at i''>n 



ifr-i 1 ; a^ i t : irtuaily '■-.*-ry ria»i"nal arvJ 1 nt na» i^^na 1 
^ 4 . i» r, J*' * » • * 1^1 >'3u( t 1'- it> h»'r»^ at h')n.f', 

nip»>» . * . »■ - - 'it - i . , -if, 1 t r u I r-a* i u i ' * y - - n* 
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K-mhs an J tMli^'ts, tnit ti^dlth, h-^using, and th«» education of our 
.hildr4»n The ^mpt^ t i r ^ -^n 1m the limitt^d pcn^l of scientists in 
the tutji*-* wi.l >; : ♦ 1 msii i y t^^jih >veiy "-ne 

The responsibility f >r addressing this f^roblep does not rest 
solely with the tedeidi ^'^vernment - it must involve the private 
sector as well a? the vast array of loral, state and federal 
r **S':*u r ' thr'ujh-ui the nat i ^'i a»- i string national 

•■Mdership V' brhi.t ^'t i^piv and t f*" hn^ 1 ogy wirhin the federal 
jjnvernjt'^'nt , wh i ! b»'l.«'v.- hs^' t j M i ri t h»' President s 

>b 1 n»^t - 1 •» , »> 1 <; Mr. f> Aivjs i 

t r >n'j 1 .'.I .• r s ■ . - <-j ^ ^ n«^»- S- i in bu 1 _j»^t nt- 't . r ^ , ^n^. t ^ 
pi»^\*-'r* bud:j"' ^ * ' - 1 i i il i nq w 1 1 h R ^ [' lunding, especially 

'I -n ^ V .nj 'I'T^y, ^n^^ i r h i p i^. needed 

, r M iu , ' • i • • 1 Jr " ' ^ i • • ' in t n •.♦>m<i^ i ' skills 

1 ' ♦ ,rr>f . , ^. ■ :•■•-»«;». i I fj s if-n and technoh^gy 

w . . t • I . • * * ^ - - A- 1 • i ♦ • ' T . ► ♦ ? T T • T h*^ 



' * ' ■ 1 ^ • ► ♦ 1 • J . • } • ^{ I"- . * ♦ ^ ♦ ; «*a ii rig 
^ ' r 1 , r ; * <s j 
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oordmcit inq ^ run^ i * pi ; 1e c -' idi nat ioii aivi enhancement 
dcr«.>?s t ht^ fe>i«->x<^I n ission a .j»-»ncies in st. lence and mathematics 
eiucaticndl and opportunities The second bill, which 

vv.il t-' 'libvus^* 1 f"-'!*' tvilay, "ffeis a i ompi Fhens i ve strategy to 
t*nh.in' <it » r, m ih»-s^»' ^ut i^'t mdtt(M^ thiouyr. f>ut the 

wlf> ai" pi posing A rAii'^nal r.eiwtn^ t it^gi'.iiai t. - >n8or t i jms - 

, • M ♦ : urT'b in ♦ ► ♦ t jm m»»-ji ' t ^ ht» - i - d t'iiiiyiii>J togeth#-r 

t «-xistin9 -ev in f, : im> ji{t.»i»>iit rej i ns thir^ughout the 

' r I 1 ^ * J* ♦v'^ 1 M» T.ssi,' ' '1 t h*' • ' i uni'^^ v* . 1 1 t-*^ to provid*' 

♦ ►> hr . V"-i^'<ii iH'i lLs^«MniT' i! 1 ! r» ui^es I" laige and 

-Ti , ' ' , .til' \ 1 . , * 1 i * T I r * < M uqh'Hit t 1 1 

t ^uviM,-^ \ '^mt*' ♦ i t ' '■i i rmal anJ int'"'rmal 

,.1 i* , ' ^ ' I . * ' r'^. , * ^ ' ' r ♦ lu It , ' ♦ d hf'i , adrr 1 ru St r at ''•rs , 
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Findilv u: a ^ i j t i dt* ki-^> suppoi t the informal 

iem*> edu rit i . ^mmun'ty t turtht^i d«>vt* 1 opment and 
*»nhanf enu->r t r\ ' ' t { i\ i- hanJs-on science exhibits. We will 
teach not t ' rrui^t^ump, l«^arning renters, libraries and churches. 
Wha»»»\»-: th»^ <?»ij Mjit- ;s which ^quv^ and teaches the child 

AJ 1 A 1 1 >nti I ' > , s-'iir h t innovativ » m^-^'iel programs, I am 
l»'li;hi*>.j t^m1» "j: 1 ♦» ^ . . at 1 mi include de^nonst ra t ion funding 

t I m^'i.->i p:'^^;aiT(«^ i m P{ a e sjien^e ducat ion, i ntergonerat lona 1 
\oluntf»*>T j^:>qiamp w.-h sePi-i citizens, and enrly childhood 
f> irat*" j ♦ i 'js- ;n H»>ai ^rart la^sionm^ 

' . « • ► ^ t ^ s;., • : . , V • »n : ^s^t^i* -t I '^'Mt ^1 * M riumber s - in 
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Thank you for this opportunity to present some ideas on hew 
the nation can go about the urgent business of reforming science 
education. Our failures in science education are ubiquitous, 
long-standing, nationally debilitating, and well-Known. For toe 
long now, last iq solutions have eva'ied us. In my remarks, 
therefore, I will concentrate on suggesting finding solutions 
rather than on defining, once more, the problems. 

My conurents are presented in three related sections. The 
first discusses why is that our prior efforts to refcm 
science education in the United States have yielded sc little 
si cess. The secor.d focuses on the curriculum as the centerpiece 
of reform and summar*2es the approach being taken by the America'^ 
Association for the Advancement ^( Science. The final bectiop I 
will comment on the draft bill being proposed by senators ulenn 
and Hatfield. 

I . The Fai^J re rf Refers m Sc.ence Ew^at^o*", 

Since World War II, the United States has experienced three 
ma-ior reform cycles center I'^g on science edjcation. The first 
was largely in response to post-war i ndus 1 1 i a 1 1 zat i on , the secor.d 
to the space race, a'^d the current one to intensifying global 
economic conpetition. In each case the country came to believe 
that our ability to res.-w-ni effectively depended, in the final 
analvsis, upon radically improving education, especially, but not 
exclusively, in science and mathematics. 

In each recurring manifestation of the "science education 
crisis," there has been a flurry of act ion--pubi ic and private, 
local, »tate end Federal- -followed oy a tailing off of effort. 
The net retult is not reassuring, for as the studies of the last 
decade have uhown, the nation's schools are failing to produce 
graduatt* who are ablt to {participate responsibly in a world 
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largely snaped by science and tec^noi09y. W^y have i^t reform 
efforts not added up to lasting reform? 

My answer points more to what we have failed to do than to 
the failures of wha: we have ^-ndertanen to do, more to how we 
have gone about doing things rather than what we have done. To 
be sure, time and again we have taken action: passed state laws 
to raise standards, funded curriculum developrcent projects and 
teacher mservice training, created scholarship and recognition 
programs for science and ^.at^ teachers, established information 
and support centers, formed busmess^school partnerships, put 
some new technology m the schools, and much else. However, 
viewed nativ,naliy and ever tirse, our approach in all cf this has 
been timid, sporadic, and haphazard. 

(1) As a lation, we have vie»-ed school reform as .aerely a 
matte: of fixing jp :^e exis:ir,g systerr instead of 
completely transferring .t. All of the evider.ce--apd, 
indeed siuch of the rhetoric — calls for a radical 
restructuring of elementary and secondary education, and ye: 
we settle for patchwork solutions. We have been un»'illing, 
it seems , to accept the notion that significant and lasting 
reform will taKe t irre (a generation or longer) and require a 
maior national mvests.ent. Contrast our shortsightedness in 
education with tne vision and boldness with w^ich we 
undertook the space prograrr after Sputnik and the building 
of the interstate "^^ghwa-j system. 

.2^ Lacn^ng a strong ratioi^al sense o: t^e need to 
completely tra-^sforir public education, o^^r reform efforts .n 
science education have cor.e and gone m response to dr*ftl^g 
public t?ocd. Long before the latest reforrri measures, 
whatever they may be* can ta<e root, a complacent puMic 
loses mteres". and the effort dwindles. Our political 
leaders, most of wfor mus: '»arely unders-and how h*gh the 
stakes are for the ro-rtry and that reforr by co-^v^.lsic 
wa*1 not worn, have failed so far to create a wav of 
s-sta.r»ng a nat.o^-ide refc:m fifort lo'^g erc^g*" to change 
the system. 

i3) As sensible as t^ey may *'^d. v;dv*ally seen- at the tire. 
Our hundreds of p-eces of sta^e and federal legislation and 
our thousands of ;naticnal, state, and local) projects and 
programs have been as so many tempera: > patches--and patches 
on patches-'Slapped here and there on a sinking vessel. Our 
approach to reform .n science education has been, and 
continues to be, a hotchpotch: try this anc- try that, do 
something here and something else there, start and stop and 
start again, go one way and go another. This haphazard 
approach is as inescapable as it is fruitless, given the 
absence of clear national goals and of a Dold national 
strategy for refor*!- 
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While there is much to be said about the first two claims-- 
that our approach to rsfora in science education has been timid 
rather than sweeping and sporadic rather than sustained--! will 
focus By attention on th^ third--our chaotic approach to reform. 
{Throughout, I dif f erent laffc between national and federal. The 
former refers to scope, and ciay include local / state, and Federal 
jurisdictions, and the private sector as well; the latter refers 
o. ly to the legislative and executive branches of the U.S. 
Goverxueent . ) 

A serious effort to transform the American school system 
nationwide oust, I believe, be focussed on the attainment of 
specified national educational goals and must be part of a 
carefully thought out national strategy. I do not propose to 
spell these out:--that is the 30b of Congress and the 
Adainistrat ion m collaboration with the stat.es--but to suggest 
what their elements C5;ght be. 

National goals 

At the recent education samrait meet*ng cf the pres;dent and 
the governors, it was agreed that the next step must be to 
formulate national goals for the schools. This is an important 
step forward, for the right set of ambitious yet attainable goals 
Will make it possible to bring coherence into our necessarily 
diverse reform activities. The right set, that is. The 
temptation will be co set goals dealing such (sorceyhat) 
measurable matters as time spent m school, the amount of science 
and math to be ta»cen by students, the qualifications of teachers, 
attendan::e and dropout rates, gradaation standards, violence in 
the schools, class size^ performance or standardized te^.a, etc., 
and stop there. More is needed. 

In addition, t^e r.atior. needs a clear a-^.c comprehensive set 
of goals spelling out what all children sho-ld Knou a'-.d be able 
tc do by the time they complete high school- By this I do not 
mean what is taught :>ut w^at residual Knowledge and skills reTia,- 
after the exams are ever and the deta.ls forgctte'*,. These 
learning goals sho-ld: 

cover the sciences ! b> -hiCr I nean tre naturai ^nd soc.al 
scie-^ces, mathematics, and technology) and the humar.ties, 

conce*itrate on the corjncn core of <r.c^ ledge and sk^^.s we 
expect of all o-r c-tizens rather tnan on that for t'^se 
students who -^wl go on to the various specjalized 
occupations , 

place quality of understand. ng above q-antity cf material to 
be learned so that the schools can concentrate their efforts 
on what is really essential, and 
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be cast in a way that ma)ces it possible for curricula to oe 
developed for reaching them and for procedures to be 
desinned for assessing their attainment by sc^ st-^ooi 
districts, the states, and the nation. 

Hational strategies 

If It IS to occur at all, the reform of science education in 
Aaerica will require local, state and federal action. But given 
the extreae disaggregation of resources and authority that 
Chari.cteri2es our educational system, it is all the more urgent 
that there be a national strategy for reform. Otherwise our 

"^^^ continue to be piecemeal, hit and miss, and often at 
odds with each other. The kind of strategy we need is one having 
components and characteristics such as these; 

It would, as suggested above, call for the identification 
a.nd promulgation of national goals. All reform measures 
would then be 3udged in terms ©rTheir ability to contribute 
to those goals. These same goals would be used to monitor 
and report national progress (or lack of progress). What 
can be done to identify anc promult;ate national goals? 

The strategy would be comprehensive, dealing with all 
students, all subject areas, and all aspects of the school 
system, 

A key part of the reform strategy must be the : nt r or^uct ion 
of new curriculu in the elementary and secondary «^hoois. 
Such Curricula should be designed to insure that all 
students achieve the understandings and skills specified in 
the national goals statement. They should also helo define 
what changes are needed in the design of learning materials, 
the orgar.zation of instruction, the preparatior of 
teachers, etc. In this operational se^se, curriculur. reform 
becomes a centerp.ece m the transformation of the education 
s V s * er 

The divisior of respons .bi 1 1 ty--w^c does what, --ho pays 
what--would be spelled out among local, state, and Federal 
:-.r isdict ions . As part of this, a capability for monitorinc; 
and coordinating the various efforts needs to be created. 
Part of the strategy would include reaching agreement on 
^hat happens when particular districts or states fail or are 
unable to carry out their agreed-^pon responsibilities. 

Responsibilities would be assigned to all of those Federal 
agencies having a major stake m the quality and character 
of precollege education. Congress would provide appropriate 
budgetary resources to each, and some process instituted for 
son' .ring the performance of each. Included would be 
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Defense, the individual military services, Energy, 
Agriculture, Labor, Commerce, SIH, the Public Health 
Service, NASA, EPA, and others in addition, of course, to 
Education and NSF. 

A mechanism would be established for coordinating 
Congressional action as it bears on the reform of education. 
With so many different committees being involved m one 
aspect or another of science, science education, and 
education m general, it is difficult to formulate 
comprehensive and compatible policies. 

The strategy would include a provision for modernizing the 
entire education system technologically—every school and 
classroom in every state. This would call on all that is 
iinown about information and communications Systems, about 
learning =ind teaching, and about the cost-effective 
operatn.. .l complex systems. Such an education 
infrastructure might be thought o*^ as relating to learning 
and teaching as does the interstate highway system (with its 
connections to state and local roads) is to transportation. 

The recruitment of the nation's teaching faculty ouaht to 
receiv- special attention. Current approaches, parochial m 
conception and practice, nave failed dismally. Not onlv do 
we not sees^ to be able to recruit enough talented young 
people mtc teaching, we are do.ng even worse in attract. -g 
minorities .nto the profess. on. This at tne time when the 
proportion of minority Lt derts is risi-.g m the schools and 
Ccience .ole models arc more needed than ever, Something is 
needed on a -.ational scale cotrparable to the recruiting 
effort of t^e m.litary services. Th*s w.ll involve far mo: e 
that a fe-' sc^olars^.ps and lots of plead. ng. 



a. 



>.s, t^e matter cf rro-ev ca-rot be d^rKcd. 



pcss.ble. .nceed l.Kel>, t^a^ a re- syster cf ed-catior. 
co^.d be - e cost effective than tre -ese-t one, but 
c'der get Sucn a syster .t w.ll be necessary tc invest 
suostant^al capital m charging the s>stem. Simple 
ar.thr-etic snows that popular t:-*sms, such ^s money is -o. 
the probletr," are ben.de the pert, the pci-t being that it 
taKes c??.tal other tha- w-.at it ta^es to run a syster> to 
change .t. Where is the reforr cap.^al to core fro.T^? A 
r.at.onal policy should ma<e it c.ear who has to pay for 
wha-, and a plan devised for aggregating and dispens.-g tre 
necessary f.nds. Simply xncreasi-g the Oudget o. tne 
Department of Education may rot be the way dc tms. 

Finally t.me. As d.fficult as .t .s. we reed a strategic 
plan for keeping us 'n the gare ' zrq enough to implement 
Changes that will surv..o, 0.:> a .erg terr effort car bear 
fr '.t. Programs, pro:ecca, a^.d £.-di-g m-et have .i.it.me 
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expectations of decades rather than years* and evaluations 
of effects must not be rushed. The ••quarterly profit a-^d 
loss stAtemer*''* syndrome is fatal in education, for only a 
long term approach has a chance to succeed. 



Project 2061 

In 1981, the American Association for the Advancement of 
Science (AAAS) became very worried about the situation in the 
schools of our country. While the AAAS was concerned about the 
ability of America to produce enough scientists, mathematicians 
and engineers to meet our future needs, it was especially 
distressed by the accumulating evidence that few of our high 
school graduates are scientifically literate. 

Believing that the future of America, and the future of 
American sci<ince, as well* depends heavily on the quality of 
science education of all of our citizens, the AAAS put scie .^e 
literacy at the top of its list of priorities. Using its own 
resources, and supported by grants from foundations and industry, 
the AAAS instituted a series of programs and projects {to add to 
those already underway) intended to help the schools produce 
scientifically literate graduates. Among these are: 

SCIENCE RESOURCES FOR SCHOOLS hands-on activities 
(involving math and engineering, as well as science) for 
middle-grade students 

CHALLENGE OF THE UNKNOWN a series of filmed sequences 
(distr buted free o^ charge along with a teacher's guide) to 
be used b) middle-^rade math students in learning 
quantitative pro'leTi solving 

SCIENCE SEMINARS FOR TEACHERS cop scientists meet with 
small groups of ]un*or and senior high school s'~ience 
teachers to discuss the nature and significance of recent 
d 1 soever les 

SCIENCE EDUCATION NEWS -- monthly review of new projects and 
developments m science education distriDuted free of charge 
to interested scientists, educators* policy makers# and 
business leaders 

SCIENCE EDUCATION DIRECTORY anr^al listing of 
individuals* national organizations tsc^entific ard 
educational)* and (federal and state) agencies and 
legislative committees 

NATIONAL FORUM ON SCHOOL SCIENCE -- each year AAAS convenes 
leaders from education, science* business and government to 
discuss issues in science educa^Aon and promote action 
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THIS YEAR IN SCHOOL SCIENCE a widely distributed annual 
publication, based on commissioned papers and analysis of 
recent data, that focusses on the topic of th^^t year's 
National Forum 

SCIENCE EDUCATION IN GLOBAL PERSPECTIVE: LESSONS FROM FIVE 
COUNTRIES an example of studies published from time to 
time by AAAS on key topics in science education 

But even as AAAS was instituting these programs, it was 
looking at the bigger picture in sci^-nce education, including the 
failure of previous such efforts to result in oeep and lasting 
reform, ir. an effort to come up with a strategy for change that 
would work. By 1984, the details of a long-term, comprehensive 
reform proiect had been worked out, and, in 1985, thanks to 
support from the Carnegie Corporation of New York the Andrew 

W. Mellon Foundation, PROJECT 206:: EDUCATION FOR A CHANGING 
FUTURE vas launched, 

A suiTunary of PROJECT 2061 is s^br,itted as a supplement to iry 
remarks, so I will not go into detail here. Instead I will point 
out some of its features that bear on the matters before this 
conw^it t ee . 

The prefect is co mprehenswe m seveia. respects. First it 
defines science"! i teracy in a way t.hat cuts across a.l o. 
the natural and social sciences, mathematics, and 
technology. These are so linked to each other and to 
contemporary life that they need to be considered together 
Moreover, it is comorehePSi ve m that it focusses on al. 
grades nr. the belief that it will take the full K-12 
experience to produce scientifically l.terate grad-ates> and 
will deal with all components of the syster. (curriculum, 
materia. s, methods, teacner preparation, resting, etc.) 

Proiect 2061 is long-te rm, Dei-g designed to take two 
decades or longer to achieve nationwide transformation of 
science and technology education in the schools. Because of 
tn.s time commitment, the project is divided into phases. 

Phase I, now complete after three years of work b> 
hundreds of scientists and educators, set out on.y to 
define goals--what everyore should know and be ab.e to 
do m science, math and technology by the time they 
graduate . 

Phase II, now underway, is a three-year effort to 
design alternative curriculum models for achieving the 
Phase I goals and to prepare guidelines fo. action 
de/i! 1 witn the other components of the sys'-em. 
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Phase III is expected to take 10 to IS years to 
inplement the Phase II designs nationwide. 

Project 2061 is goal-d i rected > which is why so much time and 
energy v.as :nves -d in defining goals. These are spelled 
out in the Phase 1 report, Science for All Americans , 
probably the most comprehensive description of what 
constitutes scientific literacy yet formulated. 

The project is collaborative . It already engages 
scientists, Siathemat icians, engineers, educators, 
philosophers, historians, industrialists, and policy makers* 
and in due course parents and other stakeholders will be 
full participants. 

A central feature of the Project 2061 approach to reform is 
that teachers have a critical creat i ve role to play. They 
are not being asked to lapleme.nt cui ricula developed by 
others, but to taKe the leai in designing alternative 
models. Phase II has been designed to accomplish this. 

Design teams have been selected from six different 
communities representative of the diversity of America. 
Each team is composed of 20 teachers, 3 principals, and 
2 curriculum specialists, collectively cutting across 
all gr-3des and subject areas. 

Over the more than two years that they will be 
developing their models, the team rembers will devote 
surtuners to the project as well as having four days of 
release time eac^ month. 

Each team will be supported i.n several ways, including 
dedicated woric space; computers at hoi^e and in *■ he 
project space, the latest electronic and print 
materials related to their work; funds for travel to 
investigate unusual curricula elsewhere and to 
participate m professional and educational meetings; 
consultants as needed; and the physical and 
intellectual resources of one or more collaborating 
unive rsit les . 

In developing new K-12 curricula in science, math and 
technology, the teams are not bound bv the constraints 
of their existing systems, and are fiee to be as 
inventive ds they wish. Moreover, they are not under 
the gun to design curricula to cover all of the 
traditional material but only that found in Science for 
All Americans . Quality in scien-^e education, rather 
than quantity, is what they are about. 
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It can be seen from this brief revxew that Project 2061 
incorporates an entirely new approach to reform in science 
education. Perhapt it can, to some degree, become pait of a 
national effort. At the very leastr consideration should be 
given to adopting the learning goals of Project 2061, as 
expressed in Science for All Araericans , as national goals. 

Comments on "The Excellence in 
Science, Mathematics, and Technology Education Act of l99n" 

I would be pleased to meet with staff to go over the 
propcsed bill in detail. For the momenta let me note the 
following: 

1. I agree that a bill (or set of related bills) is needed 
to "establish a leadership role for the Federal 
Government ir. promoting pre-college science^ 
mathematics, and technology education reform." Indeed, 
given my earlier comments on formulating a nation«*l 
approach to reform, such a move is pi ably essential. 

2. The draft bill, however, is not nearly comprehensive 
enough to serve that purpose. It calls for the 
establishment of only two mechanisms — regional 
consortiums and a national clearinghouse--when in all 
likelihood many others are also needed. 

3. At the same timer more is being expected of the 
regional consortiums than they are likely to be able to 
deliver, especially since the funding level, 
$1S»000»000 IS so modest, even given local matching. 
For that amount, relatively few teachers can be brought 
up to necessary standards of knowledge of science, matn 
and technology and of new methods of teaching that 
content, let alone all of the other functions listed in 
Sec. 103 of the draft bill. 

4. If tnis is to be a limited bill, as it might well be 
and still be wor^h passing, then it should be sharply 
focussed on one particular func\.ion. Of the choices 
possible, training classroom teachers might not be the 
one of choice. It is expensive (as it is <<enerally 
done) and often futile unless other matters are dealt 
with simultaneously. 

b. But of course the draft bill says, in that section, 

only that "such activities may include" any of the 14 
listed ones. "Kay," however, softens the bill from a 
systems standpoint, once again resulting in 
uncoordinated, patchwork activities that do not add up 
to t systematic ref,>rm effort. 
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6. Many of the activities called for are already beirg 
carried out» though on limited scale. For example* 
quite a few national, state, and loral alliances have 
co«e into being in the leot decade, and some are quite 
effective {although most of them struggle for 
resources). And programs for under-represented in 
science and engineering are numerous and funded by 
govermaent agencies and charitable foundations. 

7. It IS not clear what services the Regional Consortiums 
and National Clearinghouse would s<»rve that are not 
already being provided {albeit on too small a scale) by 
the regional educational U stories, ERIC, the 
National Diffusion Network, . c Office of Educational 
Statistics* NSF and other Fedtra'' entities. 

8. There is no provisj'.^ii to engag other Federal agencies 
other than the Department of Education &nd the National 
Science Foundation, yet a dozen or more Federal 
agencies have a great stake in the quality of 
precollege science education and ought to be required 
to participate in reforming it. 

9. The bill does not have a focus on goals, such as those 
suggested by the scientific community in Science for 
Al 1 Amer icans or being developed by the governors. 
Such an expl icit orientation would make it easier to 
coordinate the activities proposed by this bill with 
those created by other legislation. 

10. finally, I suggest that the proposed level of funding 
18 out of scale in relation to the proposed activities, 
as noted earlier, but still more so with regard to ti.*,- 
magnitude and complexity of the problem being 
addressed . 
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Introduction 

The cribis in science, mathematics and technology education m 
the United States is thoroughly documented by reports, studies, and 
testimonies) of experts. It would be an easy matter to provide the 
committee with a repetition of the Jismal md fnghtening statistics and 
data which illustrates the senousness of this crisis.* But, this has been 
done over and o\ er again, and it is time to focus on solving the 
problem 

Lot me summarize the most venous part of the problem and its 
consequences The problem consists ot se\eral parts. The United 
States IS tailing to educate its citi/en^ in science and technology. Not 
.r.lv are we tailing to provide the essential science and technology 
k:\i\Nledgc and skills to those citi7.ens who are working in fields other 
than 'science and technologv, but we are failing even to produce 
suiticient number*; and suiticient quality ot scientists and engineers 
trom our (M^n countrv The tact that halt ot the engineenng faculty m 
tht' LnitLv Mteb now Lonsists ot toreign nationals is a stunning 
adn-ussion t»t our tailure to produce gradud^' engineers A major part 
or our problem has been the abiect tailure ot intervention techniques 
m bringing women, and minorities into scienUtic careers or even in 
retaining man\ trom minority groups in our schools Without the 
proportunai participation ot women and minonties in the s^ientiiic 
and tochnical occupations over the nt»\t several years, the Un'^ed 
States cannot poj^sil 1\ maintain even its current level of defense, 
competitut' edge or econom\ mu^h less make the needed 
impro\ i ments 

^.'sp*- Iv the Sot-nvO jnd ^iathemJtK> I JuwUipt^ Brie B^foK ot 
M.''/.)r RvM.\u<h Irii tCiapel \in\, \C. August WHS) 
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Instead of sporadic intervention for specific population segments; 
the entire country desperately need.> high-quality education for aU 
children \oun§ people, not just future scientists, should be exposed 
to core curriculum of well-designeC science and technology courses 
taught by well-prepared teachers. AU young people must remain in 
science and technology classes throughout high school This can be 
accomplished through reform efforts in science instruction and by the 
development ot appropriate curriculum so that all children can succeed 
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Although some tederal support tor retorm efforts in science 
education has been torthcoming, buch tunas are largely ser\'mg the 
purpose ot teacher training and research, and development of cun. nla ' 
at the national level The co^ts ot kKal adaptations and 
impiementat.o.vs arc tar higher and cannot rtMsonably be supported by 
kKal or state governments alone Ihe^^e are generally one-time start 
up costs reccsMrv oniv until tK> Knal ^.hool districts can support the 
normal operatmg expenses 

Federal Role in the Support of Suence, Mathematics, and 
Technologv Education 

let n^e utter uhat i belicvo ar.^ rcas,>naHe criteria for the federal 
role ir svkT.t ^^nd mathematics oJu.ation and indicat uhich agencies 
have the appropriate responsibilitv When national needs, like detense, 
.omp.tit/>t>rvss or Uw nanon s e^.M^on^s, are seriously jeopardized 
»^->n tluT. IS a Jodoral re.ponsibihts to deal uith the prt>blem lias 
stiiation pre-ci'th oM.ts m s.ien.e mathematics, and technology 

problom requires research or the de\elo^-ient ot 
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onginal matenals of the kind that can be generalized and used 
throughout the nation, it is unreasonable to expect these costs to be 
borne by stat€ or local govemnnents. This is clearly a federal 
responsibility It new developnnents in science, nnat hematics, and 
technology educativ-n require unusual start-up costs, such costs would 
be so disruptive of local budgets or e\en ct btate government budgets, 
that at least part of the costs should be borne !)y the federal 
government Once a program tor deli\er\ of science and mathematics 
education is t'stabli>hed, then it becomes the responsibility of local and 
state governments to tuily ^.upport it The toderal government should 
not be in the business* of providing routine costs for instruction or for 
routine in-i>ervKt training tor teachers it is the larger expenditures 
required to addri^s a crisis, national in scope, that should brmg ^he 
tederal governnu^Pt into the support ot science and mathematus 
education 

Specific Agencv Responsibilities for the Federal Role 

\nu corridor the responsibihtv ot ditterent agencies The tuo 
maio- governnu'nt lunding agencies tor suvnce t.>ducation arv the 
National s^ien.e Foundation and the Department of Edu».atum The 
N'ationai Stu nwo Foundation ha^ primarv rc'sponsibility tor ba^u 
research ir vci^n^e, rngineenng and in snence and engineering; 
education iiviuding retuMr».h and development associated uith 
instriKMom; methodolo^v or curikulum Ine development ot original 
materials is also tht. >p(M^Mbiht\ ot the National ^^'lence F' unaation 
But. tho implementation ot new materials that will be used 
nationwide should he the tun«.tion the LVpartment ot Fduuiu >n 
Also thi ot lar^e ni-npi-rs (^t teaJu^rs for national 
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implementation of new programs and cumcula should be the 
recponbib.lit) of the Department of Education Basic generic research 
in e<"'ucation should be the responsib:htv of the D :)artmeni of 
Education If the educational research is specific to saence, 
engineering or mathematics, l\en the research should be the National 
Science Founds lion s responsibilitv There should be a continuum of 
responsibilif\ trom one agency to the other, with basic research 
provided bv N'^F at one end, and miplemontation of that reseauh for 
new proi:ram> proMded by the Departmeiu ol Education at the other 
end ot the ^ortiruun^ Ti\c sanie kind ot kontmuurn would follow for 
the rolareanes'^ ^'i t ■ research and development or in"«plementation 
a^tiMtie-- i:<-:v s^ien».e to non-s^ier^e area^ o! educatum 

Needb ot Science, Math and Te ) noiog\ Education 

With tr.t federal role e^tabiislu\i and [\w appropriate functions 
de?nu\: U'T th.e \sF and the parniient o\ Fuacation, let us consider 
urgent nat^-nal needs aiui h*.«\\ tius nv.ght bf nu't b;. these agencies 
Ihe pre^e' t National Vien^^e Fouiulation prk^>:rams provide the base ot 
support K>r r. so.uch apd de\''lopment and tor teacher enhancement in 
s..:oi\i x\\ t \^\noK>g\ \\l\ai are .i>iditionail\ needed however 

art Iv^:u: '■'•'^ r^'^iOiiV coiw^rtiV:i> tv> dis^n^nate new retornv 
dtvt'opt'.i n^attp.als and te.uhrii; :ne*lH>diUov:ies anu \ national 
wrarir.t;^ ^i.s. ; slum n^atenaK aiul nietb.ods Each *.on^ )rtiun\ 
slu'ulo vor^,-: 'I a \ <i u ■ enter located at a ,olIege, unut^rMtv t>- 
t visur.^ ''is, i-j^ an*.l ^ !■ tpiiient .e:>ter lu t^ular tundmi; slu)uld be 
pr : ^o,^r<''r th. ^i^re ^ ra'iopa! ^i>s'^ ^^t svuii a .^ei\ter ot 
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Consort:un\s would identirv. adapt dis^semmate, and irnpiement 
science, matbematici>. and technoIo^Tv educ uon instruction matenals 
teaching methods and assessment tools for use m elementan' or 
secondar\ schools Regular t\nding should not include funds for 
research or deveiopment Such >:onsortia or cente-s shouJd seek 
>upport trom the Nation..) Sc:tT>:v Foundation or the Department ot 
Education vo:r.retuAe:\ uith t'.\r :;roups tc the^o ad Itional omds 
and oward or ^or.:r,i^: their >t;::: .Us.ordir.t; to the tonding v at thev 
rt'Co.'v*. tr.e icviera: re^;x">.>:l.i\ 'o rramtam the -nters as a 

-^rro:* t c:r rtcion r..: o.ua/.t*. ot the research and 

de\elopment rrocra*: - a: ta^r .r:-. r .ictt'rnurc'> that c.\"rroncr.t < 
-iz. ' N.w .r!^\:.: fu^h -/o.".^ tunded ror por.od> not 

.-v. . - ' . ,t ^.r^ r.r r^^cv. < r ^--ir.', it should be ro;^.-irio tor 
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Uirh ri.rd:ng rron^ the Natioiui Scenco Foundation arJ -be US 
D.rar-x'rr o: Eviu.ation tht.^ Natioral Science TtMci > Association 
ra> laurcrev: j nia^r national rerorn^ ot secondary school science 
cciucar:v>r rr.> rer.>rni uhicr r:. \idos that e\er\' child \sin study 
ta^r o: .\'w:r .Ne.l-cov^rdmated >^4erxe biects !or six years, has 
r*_^.\tO .av-rreao. ana v^.^.p^ -..rrort rrorr. science teachers. 
rr.r.\r> - >u.\''r;. -dent- and '4 ^ .ent:::;. >oee:ies (Attached to this 
^ ^ I- aL\rt^:ui:\ • « :-;^o >i.:rnMr\ or tha- rrovct its 



N"^T-\ bcopo Sequence and Cooru lation Reform 

stab.-. ^ -v : rr.^ r n^^-de. .trttr^ •%.tr 
^ ^ ^' ^ * • ^^r'-" - ^ . i:r. :v'::^^ev and 

* " ' ^ ' ' - ^ - '^--^ • ^vorsiri: \)-e:her 

' ^ " -.^\r' ...i^ni; tn^. >.:ens:e ua^.:vrs 



^ a^i r • a\a::ab!e 'tcxt ^L\:>nnv4 
- '* ' t.\e ^c* , N ard 

r _ 

' " ' :--tn^'rb. > : ri^ 
' "i*^." rcca:reC. .'/.r t.*c 
'• r*" a:\: .xpcnst^ tbar rr». rrt^-nt 
r ^ 'a v.* rr.ar\ 

'* . -'t r ' »• . art r<Tr\^. 
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schoob Some of the costs are the responsibility' of the state and 
federal governinem It ip this latter phase that the federal consortia 
funding would be especially appropnate With even 50^c federal 
support, a consortiunn m Mouston. tor e* ample, could fully implement 
the reform in aU secondary- schools m 1993 that ilJ begin with only 
three schools m the fall of 1990 

Nation?! Clearinghouse 

Let me comment now on \he reed r^** a national clearinghouse 
to- diss^^mmatior ot retorm materials and methodology Presently, the 
Natic'iia. ^cior.ce Teachers Assoc; anon :^ serving 3* national 
cieanr<: >>ise ^nd coordinating b^^d) ror our scope, sequence and 
coordination rercrm errort N'STA a gr.»'ip ot organizations v ith a 
^.entra. rac.'.itv could proMde a comprchcnMve national collection and 
distnburu^n ^oipt tor u"istmctiona. rra:enals methodologies and 
^on'sruttr Ar vxpanded nat.oral clearinghouse would be a two- 

>Na\ operation roceivme the excellent nev\ matenals and Lnfonr^ation 
rrom tnc \ar,o^s consortia an^^ rr^>m tne \arious federal agencies and 
disseminating :nv»>e matenals thri'i'ghout the U S One important wav 
ror this task .^ccompli^hea ^ .nrougr 'he electronic buLetm 

bo^.Td >\>:en^ Pr<.s^ntlv, \'ST-\ has tnree t^uiletm boards up and 
ranmnv; 24 r.-ur^ a dav serviri; tno'i^and*- or science teachers and 
eaucators Trrou^^^ ^uch bullet. n boards teachers can communicate 
ar;cl tran^rer le^^son matenals bacs ana torth rapidly m a rorm that can 
re printed and used immediateN The electrons data bases have the 
rotertia' .^t proMdmc emulations of expenments for students, test 
aem> t'^ re ..^td ^eachers tor student e\aluation, and neu text or 
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reading nwienal lust going rorough the development phaa Tne 
electronic bulletin boards also provide lor communicanons on critical 
nrtatters hke laborator\ safety, rew local, state and federal programs oi 
support and iniormation on institutes and pbs A national 
cieannghoiibe should serv e as an example ot Amencan technology It 
-should rot -ereiv a distribution point for pnnted matenal, films or 
rapeb No'a advances in com.pact disk te^hnolog-^ are revolutiomzLig 
aata ^to.a^e retnevai and the mixing of vanous media m educational 
de.iverv \ :\K:onal clearinghouse nv^^t take advantage of thdi. new 
tecrro!og\ as 'Aei! a the jon^put^r 

Conclusion 

!rt r2t:.^r a::o:j t.- delav '^olving its prob!em5 or srience 

^.Tvi te-vTrw ^\ rauvat;.\n Th^ propose J reg:v»nal consottiums and 
rat:ora. :.e^r:rcbo.>r are e^sertia. tc the success ot anv rerorm erfort 
Tbx^ Wt:: ^r?., ^c:t'^v:c Feacners A,^soc:atIor• stands readv to assist the 
*^vrt:rt-s^ \ ir.o..^ roaera. av^t-n^u-s ensure this success 
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Nsl \ Project on Scope. Sequence, and Coordination 
of Secondar) School Science 

Project Director • Bill G. Aldridge 

>e..>nJar. b.-.v. ^oenwe coa-Ntf^ in une rimed Suie^ not onJv fail to prepare 
.a zer.> .^ur tr.rnotoCwa! >CK.!etv uh<f> are M^i^ major filters to careers in 
NCier-.e or sw.cr.c. re.jteJ fields ro^ jur be^l aii<2 brighter students With Lncrea^e^ 
.n Jlencc re,Lrv^eni> :of ^iraouasi. n trom nigh school m almost all states, our 
ex.x'JT.; ^e^vHsiar. >.r..>o: ^^'ser.^e ..^ar^ev fiasc ,s:aincd the additional a-putation of 
^.>r.:r.bu re o -i^ 'j- ^u.i^ r^gh J- pot>i rate^ ^-t -noa* than 29^c bet\veen grade> 

\ .jff^. ^'^ ^ '-^c c^-^v*^^ N.v^pc v^qcen^.' and coordi^'ir-on ^^len^:e 
i::e' : ^ ^evv^^^rv ^v"* ^ "jn oai> ^crv ^us denc:encie> Needeo 
xc. N.-^-^, sjie':*.^ Ay.u\c ^re'*'N uicrease th* numocrs o! 

jnce -r.c A,v.d L-x;iiwf sr^-aier numoers o: persor.v emcnr.g 
^-.J :rj ' ^ .ar?e^^ '""C rrop"T«^ns o: onderepresenteo groups .r. 

r 1 . !: - ^.rv'c-as.- \- -nc ^ar-.c vr.c :hc 'cmain.ng r<ac:it 
; . >^ ^ rc -..{fj. en *. 'Tj.- ! ranu'rate etic-'i^ei; n ^^u' 



a.. v.der:> 
^v.ra: ^ ' ar ^'"^ 
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'J'.vo h gn -^n. ^^e'^c^ {x\aj^e 

«s ' '^^z'^. ji-^ : y,vS bcl;e\e Jhii ^ai> able or 

iKX* ^ \ ^av..';v •ho"! "^.liih Nvhool >!iid<rai> 

"iw' ■ ^ ' lean jf-.ateri.ti \!oit tea^hofN 
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I'hc followmg tramework ha^ been prt^po^d 



for (jradtv * Tbriui{:b 12 m (h« lotted States 



Time 



W 



*Jie lri!i:J ^! ('^tr ,vn>.'0' a ^tnAt> ha\e aireac . c\ore>>ed an inicrcNl 
ir it Si\ HKHiii - at. :hc . ^lai >sicrKf I ounu'.rK>n provided the program 
planning ^u^vi^ ^rj -a ir,n the n tiih ihe Deparu'reni of Education ha:^ 
awardcc NST-X Brv.or i >'llei:e ut McJi.ine and the Houston Independent StP>^ ' 
D;^l^^:l- .^..^ng ;ne State [X"parjris;rit ' Jucaiu.n tor Cahtomia. grani^s 
f^naiUng SI 6 nwi irn to initiate ;his iiiporiani rctorm Additional center^, are 
rc.-"Jed to allo'A .-irer ^vh<r^'is to r;a\c the ne^.e^sar^ vhanges for the rcfonri ettort 
11" tra.Te\v..-rk c a^'les ss ie:Ke k* ambers vMti^, tne support c iocai college or 
^?i.\^T\ii\ ^^'xr.i.^i .>r ^v'.otKe Osliitators u^.e orror:anii> t^ *-rf .leir o'ah 
a" ca\.n : * rrt'o: "iicr sv..* Ii^al r.oe.S 1^.^ can oc ac. ompiLshed while 
'\a;:ii,i nir^ 'ho v^-o*^tai ^ng-eJi'/ns ! ^pa^c ! leaaiuig in a de\elopmeniai 
^OvUt -.^c Sv^" V : *ojorji ^upr '"^ * the ^SI ,iJdej to ih.it alreaU> ''^ro\ ided r 
ihe iVrat-^ o * t ^-.ai a „ , a'^to >'*hor ^.enters to muiatc this m^portani 



M.S. pe. r, 
^Jiatcd sur'ecis FVv p e 
.iet> pri)Me'rs 1* 
^(•ncrete u tne jb>:ra^: 
;;vide::tc ororrcJ '^e^. 



ci'' p*^' ^ ^tH'n.Mr^ pioiog^' geoiog> aid*^fher 
a: Ca^- 'ri'so su^'ie :s appl> to their i!\e^ and lr> sv 
eay.u e^Ke . students in a coordinated \Aa\ tu^iv Lh? 
A!lh pratt^a. ippu^ations oar tuture citi/ens auI bo mor 
.Mi! 'A and '.vhcn i.- a.k ^uestjons. how to think 

' 1 be ' ' '^i^kc i'lportarit decisions ba'^ed mi reason 
' s..:vrv:.f,' . S n..ij.e uiiderstjn«iat^lc and 
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dccesstble tu all will abo mean more and bciicr bcienlisis and cagmeers-and a 
different mix among them, mtludmg larger numbers of such now underreprcsenicd 
groups as women and minoniies 
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The Origin of Scope, Sequence and CoorMnation 
of Secondary School Science Education 



"...the basic ideu^ that lie at the heart of all 
science end mathematics and the basic theines that 
<^ive form to life and literature are as simple as they 
Ire poicerfiil To be in coinmand at 'hese basic ideas, 
to use them effectively^ recjinres a continuul deepening 
0^ one's understanding of them in progressively more 
complex forms. It is only ichen such basic ideas are 
put in formalized lerms as equations or elaborated 
verbal concepts that they are out of reach of the 
young child, if he has 'lot first understood them 
mtuinvely and had a chance to irii them out on his 
oicn. The early teaching of science, mathematics, 
social stiuiies and literaiuie should be designed to 
teach these subjects zvith scrupulous intellectual 
honesty, but ic:'-: an emphasis upon the intuitive 
^^rasp of ideas .ind upon the use of these basic ideas. 
A cu^nculum as it dei^elovs should revisit these basic 
ideas repeatedly, building 'upon them until the student 
has ^v.75pe'u' t':e "hdl fonnal apparatus that goes icith 
them." 



Jerome S. Bruyier 
The Process of Education 
Harcard University Press 
Cambridge, 1960 
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Commission on Professionals 
in Science and Technology 

rarmeriy SCIENTIFIC HAMPOWSR COkMISSlON 

1C00 M«rs«cnut«tt« S'^Ht 83 1. W« • ngt on O.C. 20006 (202) 223-e8»6 

si \ 1 K\ib M 

M ' ^ ' - I Ml.-. St N \ n 



^^u^s u. Ahith ;hat might b»* dCfX)m{^ lishtvl . 

*'i\tt'o*f ^Ha'••^ Mtt*'" thi.' naU^.r S first >i>.5,»:'S5,ments of n-atht^niatics and 
" ' 1 ^>u^.l*^^. ' irofi^ \ ^nJ ' " ^t^tir >>1'N. our > hiMrt^n ^ onlinue to 
, e-^t r-T • . io\* t'^" t .._'\,"S i[i .'>.t'r\ d^e ^nd bolow ibt leveU of 

' ^'r»'i . ith^-r -ittti -^.s .vS ' irt )ur >ctentifK- unr* l»vhp^^U>j"< al ■ jMpt'tUors. 
It - «r d^i^alhr i, ir.ii. t rfpl ^urrtTit edutatuinal nnd >,<xit»tal ,ja terns that 
't>* .TtjnodfKe .''fi ♦ ifiwtMM iJ >car oul bo> s in<1 ^irl^ has r.iore 

♦•i.i'' j.i'ie<i rt^ rif^s * ' !ivt rt^bf*--. LUTits of sr.cnoe «<, hu**. ♦■fiicnt . unci that the 
•"•'V ^-if >\''. df ' ' ti^ T* t .i . Hy 7. aitr.i^u^h v'Hin^ \i..enoan 

* 'w >tr> . r^-.t-' t \i. Irtnr. tnar '.ion. dn lense >. 3pantv 

s ' . \ 

i »■ 'dr>:* ..♦tt'r»".v. lfi ^cut * t^erfori. .dPOf ^annof je •■\^)lajru'iJ b> 
iit: rHf.tid (>iir>,t'-ii.sir.^ ..d ' ti riiv , :iit'r»> !•> ^,rowir,g '^viilerue )f ^ ^^ntinufd 

lifttr*'. idi Trf'atu*"!: iru: >ppurtMnities for txjvs ind ^irls in "iciencc 
istra. ifi . It.rt*.f,t-rs drui tt'xttnx.vh.>. as well <»& parent^ dnd -iociahzation 
,atf»>rfi>, iii "ft-i wt«^ 't vTM' <iiff»'r»'nL»'s m ^MTformanco ')ttvvktn thr s<'\cs. 

^;if' 'U^; ^t'lM*' ♦Ti* I 'if,s art' dt't-'**forj*, lur IJ «nd ]7 Vk»Mr old blacK «iid 
'hs..;irih V ■i^Tit's, t^^>l^ rtv^'rd^e prtiti i»'riry '"errif.ns at n-avst fo^r wars hehm-i 
'hei" aM'v*^ jt'tTs. \ .)rp thar. haif ^^f our >'njng ,'Ou{»l< 'i> «gf i7 ,r»' 
. rij rt^j « <1 i> »'nt.»r dri> >»< 'if)«tji.ri n'^uirin^i ^♦'thni al dn<l ordv >»'Vt't) 

, f-r- . r t ' dv* .tdr'-' * >j^'h ler.''*' 'o j '•rfo'-irj woJl in [vv*-l b<MHnce 




^ano^ai t^-st > - r^-s ^ m!> t'u \ 1 and \t I hav*- 'ir>jpij«'d suhM«ritiallv 
:^>r ^r-x's. i 1 [n- n'a^ip^; -ium". "•r> i>f rur'-Asian Min*irtt) '^tud^'rit'^ ^rort- 

.v.. ►'ti)^* -hitf^s, dfi'J tpiiHv,. A',, SI t^r^Ml highfr t*-ian boys th»' ^♦■'rba' -it'ction 
t I s ^ . ^ ^ r'>u^r ri'jwi SI or*' ' points '>»'iow mn .ji t he ^erbdl s ^ I 
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Aoierican girls are told and shown very earlv m school and elsev^hCre tlial 
the\ <ire not expected to be as t;ood in math as Uoys, and so of course, this 
.>etouies a self-fulfiUwii; j^rophccy. Minority children in ina'u 5,chool9 get the 
s«mt' uiessage of inferiority and lack of ability . 

Although there jre some in^iicatuns that In^h school students of both 
sexes are continuing tneir study of mathematics ion^^er than wab true five years 
.'arUer» women are not increasing their registration in the advanced matheraatic . 
t'ourses "equired for entry to engineering and the hard sciences (fig* I), 
l-urtht'r. when t,iven their choice of course selection beginning at ninth grade, 
•ore girls than v>oys drop out of mathematics, and rion--^sian Minorities are 
«.'Oii«»hlerably less anely tlian majority high M'hool students to enroll in a college 
f>rcparatory mathematics sequence ♦ 



Algstya t 

G«om*<ryL 
Aignbrv * , 
Prir~caic/c«lc ■ 



Algotra t 
G«o(m<ry 



WOMEN 



.1982 



^1986 



10 



20 



ao 



Percent 

i ii^ur. . Hlgheal Mathecutico Course Taken by IT yfcir ol< s. 1982 and 1986. 

Dat.i '^ourc** l>osb»*y The Mathematics Heport ( ird 

Kut ^^\yv\ ^\T\^ v>ho AW aathematically talented are leb*. Imely than 
-,unil«rl\ tHlvMio.1 S>^> to be selected by t'leir teachers f^»r special prtigrams. or 
.*ven to "'t .-ecogniiPd b> their families as exceptional and proviaed with a 
s^^pi^ortive home environment to achieve in mathematics. ftie I mveraity of 
Minnesota laiente.1 Youth \!atheniatics Program (LMIWIP) foun»J Uiat girls were 
substantiaU> less l;kely than bo>s to be chosen *»ven to t^i^^t* the <iuahfying 
t»>camination for the j^rogrem when the selection was made >>> school officials. 
A hen found qualified, girls were iiior** likely than boys to reject admission to 
the program, and once in it. given ecjual abilitv a.id eciuai grade's, female 
j,><'rsistence was lower. 1 he lack of appropriate support pither from the school 
.)r Mspeeialiy fpo.n :he family, as well as the tck of other uirls ui the class. 
,*erH important wsues. 

•Having d family indifferently request withdrawal » girl performing 
near the top of er '-lass while another tenaciousA pleads to continue a boy 
^ho IS «itrugglir„. .x^curred all too frequently , acco-ding to the progr 
• lirector, lUrvey Keynes. Girls also had to deal with the cultural issues of 
voping s/)cially Aith Seing a smart girl, and wUh a lack of realuation '>f the 
' .t .if mathematics. Issues affecting i^ersonal esteem, such as lacK of self 
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rtM.'. \»:t,ouKr^ .^«' nave »'\i»'nMV«> .wiletu'i' to ^how thai 
• fci^H'iUl\ tjit'nl tn<i f'«^rsoM8Ut\ ^rv i.uKh ^pealt-r ()t?tw*«en 

t- .M.4atv .{ • u -jjr» ni tru* Keru'pali/t*vj ^iif fervru !)»'t;stM'ri Ihc sexes. 

•.<i. 'tps ^ ir«'nts iiui -«KU'U in ^;t'ru Prtl ( mUunv to a^ssu-iu' thai Uttie ^irK. in 
[iris,,, .ut iMU- • "tt-'r «, reading, not ^-^^x- malh. less 

' «' iK^**' 'r. tt Ml ■ ri'irl irs'i^; . ntul en aU tntm tl 'jn. 

• H. ►■♦-v ,.,t, 1, • 'r-i.' , .-N and .o; s li i I »>r—i 1 1 * . ■ allin^^ on ^irb 
• itU'.'Mfi t> I u'lr a*isw.Ms when the\ tu\e .I't-ri v alU-d 
- * ' H ■ "ii-f f r 'i.^r Ilea."*, nrul . ullin^ Viem >ff. r <ill(>win^ 
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Solutions 

There are a nuiab»*r of excellent programs scattered throughout the 
nation's scr>ools tha* have neen started in t' - past few years to i«apcove science 
««nd nath education. The probleu ts to locate «be sriall, healthy trees in the 
vast forest of nediocrity and then to isakc sure that stocks arc available for 
transplar.t mto other school s>ystesas that are ready for change. The National 
science Foundation, which has funded several of the pilot efforts, should be 
responsible for dctoraining whici ones have t»roved eff'^frtive and should be 
cade available ^^n a wider basis. 

several states are nioving ahead, both sepa.*ately and in groups, to 
institute new educational ^prograos and policies at the p re-college level, 
t^rofesbionai groups are wrorking on new curriculuM concepts, and industry is 
providing ;?ore and ^ore support for local school systens. All of these 
dCtLvities rr.ubt continue and in sofoe cases be strengthened. 

Vroocn 

The Vath/ Science Nctuork, starte«l at Mills College and now ^'Xpanded 
throughout the nation, "Encourages your.g worsen to take a full corapletnent of 
:3atheraatics cours».'s m high school, and exposes th*»n to science and 
engincenng careers. About 7U,000 students participate each year. This 
excellent prog ran needs to be expanded to the place that every girl has a 
chance to participate. 

The t-niversity of Minnesota's tilPTYMP has obtained three year funding 
frO£3 the Bush Foundation for an intervention program that will ^lolve soce of 
the problems in the participation of mathematically talented women. But the 
problens found for women in that program arc surcl> not titnited to Minnesota* 
A substantial effort is needed to educate parents, teachers, and society in 
general about the daraage done to talented girls who do not fit the societal 
gender stereotypes. I The damage done by these stereotypes also negatively 
affects boys who do not fit •*'e 'xolds.l 

To reach the important goal of increasing our output of scientists, more 
women from the shrinking baccalaureate population of natural 
science/enginecnng graduates will need to continue with graduate study, and 
some additional assistance that is not now available is required. Women science 
graduate students presently ore less likely than men, including foreign men Sn 
the same field, to have either institutional or federal support during their 
graduate study: and they are more likely than men to be self-si^ppOrting. 
National fellow'>nips for graduate student* have declined sharply over the past 
decade as researchers, tacrHy men, hav<. obtained additional funding in their 
grants to support some graduate studcnix. Typically, male faculty (who 
receive almost all of the research grants because there are so few female faculty 
in these fields,) prefer to use male graduate studen*s to help with their 
research. Research essistantships provide an essential apprenticeship for 
tomorrow's research scientists. 

Women graduate students who ha'*e institutional support are more likely 
than raen to have teaching assistantships, which, unlike research 
assistantships, require extra time fi'om the graduate research program to 
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jr^-paiv :vacmn>; :;^l»'nals and m -^.v casvs, k^radc papers. U saay be an 

U shouM ais*> t'e nssled thai ^though the ^njsl ot a graduate «Klucation is 
:h»? H^'se. »t the m;»titution. for nt?n and %.oncn, their ability to repay 

ioens innl oay i>e re^iuir^ w affected by t!ie fact thot woisen are paid lesa 
than -en onct* the> enter the work l^rce. Auonc full tioe workers, woacn 
^'ATii Ik^s t'lan sen uith the sace degree and vxperi?.ice level in every field of 
>cu»ncf, *nd the »2iffereno» increases ••ith veari of experience (fig. 




^ <2 2-4 5-9 lO-t* t5-l9 20-2* 23-29 30-3* 25-39 
VCARS OF ExPEBSMCS 

Figure 4- Salaries of Doctor»te Scientists and Engineers by Sex and Yc&rs of 
Experience, 1987. Data Sources National Research Council 

tooTnrn hav» one additional need, resulting (ron the fact that their best 
y.j-ars for j;raduat»; >tudy and for cmld-beanng coincide. Vihile ehild care 
Hhoutd je a ;omt responMbility f<3r parents, the reality is that women with sctall 
♦^hiMrt'n need additional monetary support to cover child care expensea. 
ur.duate programs m natural science and engineering require long laboratory 
hours that will infringe on norisal horselife patterns. 

LacK of funds for child care raay require even the best women gnduate 
students to withdraw frora a graduate prograra. The alternative j req liring 
womi n graduate students who are not independently wealthy to remain childleas 
at least through graduate school and perhapa the important early years of a 
postdoctoral career - is an unacceptable choice either for women or for s-Kiety. 

Beginning next year, the National Science Foundation has designated 80 
of Its 1,050 graduate fellowships as a set-aside for women in engineering. Thia 
IS a step m the nght direction, but it is insufficient. Women have always been 
*.'iigibte to compete for the NSF fellowships (except, in the case of non-ninority 
women, for the 150 that are set aside for minorities) and the new designation 
will assure that women obtain at leaat ten pe,i:ent of the remaining federal 
fellowships. Women are half of the population and earn 39 percent of the 
bachelor's degrees awarded in the NSF science engineering fields. The 
nation needs more of them trained to the doctoral level. 
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Minonti^ 



At tne ^'re-caJei;'? iwu. >o,Te programs already in place, including particular!} 
5>uch proven efforts as ^ih^\ walhmatics, Enginecnng, science \chi*?vc!s<nl), 
wnct-ntrat^sd m t^v ai?sI, n»?ed conlinaing support and expansion- Once 
into .ainont> ^luuent* rieed additional support prograas. Such as the 

Minoniy tngmeenng 4^rvgraa v\ibP> now operating in nost ongineenng schools, 
*nich t»roviJes a s>NleT. vt j^per vlass mentoring support for fre-^hoan and 
•^phc-Twres, 4^ong *jthfr tmngs- The federal pr^gran of "4inonty \ccess to 
aes»?»rcls careers tilAU'.; ol the National Institutes of lleoith is a hi hiy 
successful Federal mterveriiii^n j-' nog ran cstaolished to increase the number of 
uiponly oio!3:e<Jicai >cientisis. \lore i ian students and ob mstitutij»ns have 
participated in MARC ?»ince 1977. and the track record for the ultisato 
t-nrollus^nt .>f ^i&oul Mr»*e fourth* of '"iAKt t«articipants m a graduate or 
yrof visional i^rogra^^ l^ -iighly lapressi*"'*- The Mil Minority riiological 
Ke>eipch ^apport < .lt>Ri»' »»rogram ^Iso ti^s X.evrt vffecti^e io -'nhanc** rvsoarch 
C4r»='»frii *iinont> ticuit*, . Bat ;he nu-nbtrrs are ^sall. 

of me interv'-ution ^-rograra**, if replicated uitn care an*! provided 
Ait?i *iaM'» fuiiiiing, ^an r-.ake -i sub&tantw. contnbution to the Henvification. 
rvcriitiTenl and »tljc.iU>ri of ninonty engine<rrs un^ >Hr»entists. 

lnlen,..ntion is. of course, a bandage for a wound previously inflicted, 
'iinont., ^hiidren dibi>roportionat ?l> vnter large urban school distncts where 
ihtfr** are thromc Nhortai;e> uf go»>l jsatheniatics and s<;iencc teachers, little or 
no hands-.Hi laboratorj science, and nost uaportant, low teacher •-•x pec tat ions. 
\s *uh gtrW, the io** expectations t>econ:e a self-fulfilling prophecy as r^tudents 
avoiU tne -.ortf lifficuit tiath and science courses, and consequently attain lower 
iChteverri»*nl y*con^^ than the white and Asian boys- 

wbile ih*? roSe ol thn federal governnent in p re-college •>ducation is a 
iiT.ited on**, ii al*o can be a vital one, Sone of the legislation of the past, if 
fuU> li3ple.-^?^t'^l, could go a long uay to remedy soue of the probletis of 
recriiiing 'iinont> cnildren into science* Even soail amounts of educational 
difference isake a significant difference in the outcome. Head SUrt is a proven 
j^rograa vihich coapensates in roany ways for the lack of enrichraent suffered 
l>y aany children pnor to entenng kindergarten- It has been shown that 
children given the Head Start prograca are far more likely to coniplete high 
hchooi, to enter college, to becciie tax-paying citizens than their peers who did 
not have this advantage. They are much less likely to be arrested, or to be 
on welfare (Table D- Vet, in 1383, only one iii five eligible children were 
served by Head Start, due to in»dJK|uate funding. Education, including 
intervention education, pays. It is the alternatives that are costly. 

Pre-klndergarten children can be helped if their parents - particularly 
those of children in poverty - understand the importance of science and math 
education. Prograras stressing parent out-reach, such as the Linkages project 
of the Office of Opportunities at the American Association for the Advanceioent 
of Science, should be supported and extended. Children in l&rge cities, 
particularly, should be enabled to participate in the in ornial learning 
experiences of science muscuras and library media centers- 
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TABLE 1 
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51^ 
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18«. 


32"^ 


bourcv. High/ Scope Four 
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InltTvenlion programs al the level of jumor and senior high school also 
iviu conlinat' to be required untii the nation's school systems are sufficiently 
ropairt'd to provide every student with the education and skills noeded to 
participate full:' m our advanced industrial society- But those repairs cannot 
coJnpleted viithout the ^erative and concerted efforts of local, state and 
fet^eral legislators and ofricidls> in coiiaborotion with parents and educators. 

America's college age po;^ulation, from which we must draw most of 
loxorrow's scientists and engineers, will cuntmue to contract through the mid" 
19i*>s. This provides a window of opportunity for y'»ung men and women which 
apparently is* not yet visible to r^o^t o( them. It also provides a real challenge 
tc> the nation. We cannot maintain a cadre of bright young scientists and 
fngm»ers i»ithout utilizing the tiil»,-nts of that 65 percent of our people 
v«ho are not white and malo- 

Ar!enca':> talent pool mclud*'^ e.jual nunbor-i of mal«»s and females who 
cor** in all -^m colors. As a natiun, we can no longer atford to waste any of 
tiiut taW*nt- But avoiding that wa:,te re<;uir',-> equal treatipent in school and the 
worKptice. <.h^red responsibility for ho-iic- and family, and perhaps wost 
ifT^p'^rlant of all, a chjinpe in ^ocIetal attitudes* toward girls and \rfonien. The 
task ifnn.>nv»-. but the altt-rnative i^ unthir<able. 
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I am Shirley M. Malcom, Head of the Directorate for 
Education and Human Resources Programs of the American 
Association for the Advancement of fcience (AAAS). I come today 
as an individual to add my voice to the many others who are 
concerned about the quality of science, mathematics and 
« technology education m the United States. I appreciate the 

opportunity to address this distinguished committee. 

An upcoming PBS special raises the question "Who Will Do 
Science?" Its focus is on the low numb'^rs of minorities in these 
fields and the implications of this in the face of America's 
changing demographics. 

America :.s changing. On average our population is getting 
older. There are declining numbers of college age young people, 
a trend which began m the early 1980 's and which will continue 
until the mid 1990*s (Figure 1). American Indians, Blacks and 
Hispanics are an increasing proportion of these young people. By 
the year 2000 minorities will be 47% of the school age 
population. They are already the majority of the school 
population m Mississippi and New Mexico (and soon also will be 
in <^-lifornia and Texas), as well as in our major urban centers. 
On the other hand, minorities comprise a disproportionately small 
share of the science and engineering workforce, of doctoral 
scientists and engineers, and of students intending to major, 
enrolling or graduating in science or engineering. 

In 1988, of 749 lioctorates awarded in mathematics by U.S. 
universities, only 341 were received by U.S. citizens, only 6 of 
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whom were American Indian, Black or Hispanic. Similarly, 4 of 

514 P'D's in computer science, 28 of 1,302 PhD's in physics and 

astronomy, 66 of 2f018 PhD's in c»iemistry, 12 of 726 PhD's in 

earth, atmospheric and marine science, and 66 of 4,190 PhD's in 

engineering vere received by members of these racial/ethnic 

minority groups, according to National Research Council data. • 

Low minority doctorate production contributes to low 
minority faculty percentages; these in turn decrease the number 



of role models available to minority and ma3ority students (Table 
1 and Figure 2). This imparts a message that, minorities don't do 
science or engineering and affects perceptions and expectations 
for minorities in science and engineering. Low numbers and the 
isolation that is often born of it feed lowered retention and so 
on. The cycle is vicious, and its effects are devastating. 

In the doctorate numbers we are looking at the trickle of 
students from the end of the educational pipeline. 

To understand why the numbers are so few at the end, we must 
look to earlier school and college experiences. For only by 
exploring the barriers can we begin to understand the specific 
interventions which must be put in place, the interconnections 
among these elements, and the complexity of the £/stem we must 
influence . 

It is my hope that this will lead us to understand the need 
to develop and respond to a coherent plan# articulated across all 
educational levels; to involve ail the stakeholders; and to avoid 
Bandaid responses to system wide problems. 
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Barriers to minority achievement in science and mathematics 
appear early. Many of these are relatod to the fact that 
minority children are more likely to be poor. These children may 
have less rich experiences; fewer opportunities to explore 
phenomena; fewer educational toys; fewer reading materials; and 
parents whom the educational system may have failed who cannot 
guide their children's encounters with the world. These parents 
may be no less willing, but perhaps are less able to provide 
their children with the good beginnings they need. Quality early 
childhood education may not be available to compensate for a less 
rich home environment — i.e. one that may not include pre-K 
experiences where children are encouraged to ask "why" and guided 
in discovering the way that answers are found. 

EARLY SCHOOL EXPERIENCES 

Ready or not, they go to school. Here minority children 
often find less experienced teachers and a less rich environment 
in inner city or rural schools which are inadequately supported. 
Even in our more affluent suburban schcls they are all too often 
tracked into an inferior educational program. T.he mathematics 
that is offered is too often basic skills with little opportunity 
to develop problem solving abilities. Hands-on science costs 
money/ requires teachers who possess knowledge and comfort in 
delivering instruction in this manner, administrative structures 
whicb support it, and, quite basically, TIME. The deficiencies 
which students may bring to school are magnified over time as the 
disadvantage accumulates. The performance gap between minority 
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and non-minority children increases. Early grouping based on 
perceived ability (or inability) becomes later tracking, 
transforming expectations of failure in the reality of low 
performance. If the students have access to computers it is 
often for uninspired purposes, in contrast with the potential 
power of the technology. They are unlikely to see models of 
American Indian, Black and Hispanic science oi engineering 
professionals. Many know little about how you become a scientist 
or engineer or about the lifestyle or lifework of such 
individuals . 

HIGH SCHOOL AKD BEYOND? 

In high school minority students are less likely to take 
upper le^el elective courses in science and mathematics, even 
where they have completed the preceding level with a grade of A 
or B (Tables 2 and 3). They are less likely to c^/ntinue on to 
postsecondary education. Where they do, they are more likely to 
attend a two-year institution from which transfer to four-year 
programs, especially in science, is low. 

Loans rather than grants dominate the structure of financial 
aid in college. Where loans from college exceed the families' 
annual income, minority students may be unwilling to assume this 
burden of debt, unsure that financial rewards on the other side 
of the degree will be sufficient to retire the debt in a 
reasonable period of time. The general barriers in the education 
of minorities converge with the specific challenges of education 
\n science and engineering, producing the effects of cumulative 
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disadvantage which are so obvious in the doctoral data* 

It must be said at th-*s point that the news is not all bad. 
Recent research by Hilton and Hsia at the Educational Testing 
Service revx-»als that minority students who have high mathematical 
ability (as measured by scores of 550 and above on the SAT) are 
as likely or more likely to major in and be retained in science 
or engineering fields as are majority ctudents* Persisters are 
characterized by a nunber of pre-college characteristics that 
include participation in math or science clubs, exposure to role 
models, and contact with college-based programs spt^oif Jcally 
aimed at attracting minorities to science and engineering fields. 

Strong academic preparation coupled with specific 
recruitment and enrichment seems to increase the success 
minorities experience in science and engineering programs. 

Bridge programs that facilitate the transition between high 
school anc* college have been demonstrated to be effective in 
later retention of minority students m science and engineering 
fields. 

Specific interventions to enhance success in calculus by 
minority students have been demonstrated by Jaimie Escalante with 
students at Garfield High School in Los Angeles, by Uri Treisman 
at the University of California, Berkeley and by hundreds of less 
icamous other teachers. There is no secret formula: high 
expectations; a focus on challenge rather than j:emedia».ion; 
working toc^ether productively; effort ( time on task) and desire; 
ju.t good teaching, and the belief that everyone (including those 
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of us who do not fit the image of the scientist or engint^r) can 
learn. 

In 1983 AAAS conducted a study of programs designed to 
increase thv participation of minority, female and disabled 
students in science and engineering careers. This work was done 
in support of the efforts of the National Science Board 
Conunission on Pre-Collego Education in Mathematics, Science and 
Technology. Th*ase so-called intervention programs, many of which 
took place outside of the formal school setting, had tremendous 
success in improving education for minority students. When 
provided the opportunity and tools to achieve in science and 
mathematics, minority students do in fact achieve in these 
fields. It IS instructive to remerober that Hilton and Hsia cite 
the "pull" of specific targeted programs to recruit such students 
as a finding in the^r research of high ability minority students 
who persist in science or engineering. 

We found coirjtion elements among out-of-school programs that 
work, that are instructive for our efforts to improve education 
inside of school. These include; teachers who are competent in 
their subject matter, who are excited about their subject and who 
convey this excitement to their students; hands-on involvement 
with science; project-focused, multidisciplinary work that 
emphasizes science, math and communications skills; clearly 
articulated goals; high expectations; contact with role models 
who convey a sense of the connection between work in school and 
future careers; and parental involvement. 
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If we think about it we will realize that no single sector 
alone will be able to bring about the kind of systemic change we 
need and at the same time capture the students already in the 
pipeline. For a Icng time to come we will need the in*- srvention 
programs ' "at exist outside of school academic enrichment 
prograr- rsjn by professional societies, ccl leges and 
universities, museums, churches, and other cownunity-based 
organizations. 

but we disc need a systematic approach to fixing the formal 
system of schooling in siv^h a way that it supports learning for 
all students in science and mathematics. 

(1) We must appreciate the comp exity of the system; 

(2) We must develop a coherent plan for reform of science and 
math education that begins with setting high goal? for all 
stu<^ents — what we want students to know and be able to do; 

(3) We must seek leverage points that support system wide 
change; and 

(4) We must develop collaborations and connections to tne other 
stakeholders that will promote this system-»»ide change. 

We already have in place strong program models that sh<^w us 
how we mignt address many of the barriers to participation in 
science and mathematics which minority students encounter. 
PAREKrS 

Programs such as Family Hath and Family Science involve 
parents and chil<iren in experiences which are fun and which 
support learning. Parent workshops such as the models we at AAAS 
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have developed explain how parents can support their children's 
education in math and science, which courses to take, how to 
negotiate the educational system, etc. Booklets for minority 
parents such as those developed in a Joint activity of AAAS and 
The College Board Project Equality are made available in these 
sessions which are sponsored by coirjnunity groups, churches, 
clubs, colleges, schools and concerned individuals. ("Get into 
the Equation: Math and Science, Parents and Children" and 
"Contamos Con Ustedes") 

TEACHERS 

Many effective models exist for assisting teachers to 
provide an e<cellent and equitable instructional setting for 
minority students, including activities of the Lawrence Hall of 
Science EQUALS program, teacher inservice programs of groups such 
as the Southeastern Consortium for Minorities in Engineering* 
*Jorth Catolina Math Science Education Network, American Indian 
Science and Engineering Society. Mary models also exist as 
components of a number of the NSF-funded Comprehensive Regional 
Centers for Minorities and of many other institutions. 

The fundamental issue is to increase competence in content, 
and also to provide teachers with tools, skills and resources 
related to materials, methods of teaching, ways of adapting, and 
specific research findings and recommendations on how equity can 
be achieved in the classroom. They must learn that they often 
need to add minority role models to their lessons as well as how 
to do this. They should understand how the culture of their 
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students may affect the ways they might be taught. They need to 
understand why parents of minority students need to be involved 
as well as assisted with specific ide;»i .'•.out how to involve 
tH«m. In providing inservice to teachers, single minded focus on 
content will not get us the results we desire. 

scHOo:>s 

Models of school improvement such as those developed by Dr. 
James Comer in New Haven give ample evidence that schools can be 
helped to work for all children. If we assume that the will 
exists, specific strategies are known that enable such changes to 
occur. Effective science/math and engineering magnet programs 
can be found across the country, including in our inner cities. 
The challenge is in making more wi<53ly available what we know 
about changing schools and developing programs and being 
assistive in applying these to entire systems. 

STODENTS 

Programs exists that provide direct intervention with 
students. These serve children as early as the primary level in 
efforts such as the Satur-.ay Academy (which was developed in 1978 
by the Atlanta University Resource Center and which has been 
adapted and spread to many other insti'.utions in ;:he intervening 
decade. DAPCEP (Detroit Area ?re-College Engineering Program), 
the American Indian Science and Engineering Society and the 
Puerto Rico Resource Center have promoted participation i.. 
science projects and sciences fairs to develop interest by 
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minority students in science. Project SEED and the American 
Chemical Society as well as many of tne federally funded research 
and development labs have provided summet «jsearch experiences 
for minority youth. Summer camps and comprehensive summer 
programs are sponsored by many different organizations. Academic 
year programs attempt to connect to schools r providing 
enrichment, role models and counselling to students. Among the 
array of programs one can find "Explainer programs" sponsorea «»y 
museums, comprehensive after school science programs such as the 
Science Skills Center in Brooklyn and pre-college minorities in 
engineering programs such as MESA, PRIME and PRISM. 

These are programs of high quality and high expectcttion . In 
spring 1989 16 students, ages 10-13 from the Science Skills 
Center took the N.Y. Regents examination in biology. That is, 
minority students in 4^ - 7^ grade took a 10^^ grade 
examination. All 16 students passed the Regents, the youngest to 
pass in the history of the exam. All 16 :ite now taking Advanced 
Placoment Biology. When they pass the examination next spring 
they will bo in middle school with college credit. These 
programs are rigorous and the expectations ar3 high. But unlike 
too many of the schools which such students attend they provide 
an environment to learn which is ripe for success. 

As til. efforts toward education reform are mounted, it must 
be remembered that learning must c::cur in the community and the 
home as well as in the school to be maximally effective for 
minority youth. We must recognize the role of and provide 

' 11 - 



111 



107 



mechanisms to support out-of-school programs. 

Programs also exist that have proven effective in overcoming 
the considerable obstacles that exist at the college and graduate 
levels. Many of the Historically Black Colleges and Universities 
and institutions serving significant Hispanic and American Indian 
populations have demonstrated that minority students can be 
successful in rigorous science and engineerii.q programs. Using 
such strategies as bridge programs between high school and 
college, peer counseling through student chapters of minority 
science and engineering societies, regular faculty contact and 
monitoring of student progress, and early exposure to research, 
minority students are being retained. In essence, a strategy is 
employed to nurture and cultivate rather than weed students out . 

GEK (Graduate Engineering Degrees for Minorities), NIH 
Minority Access to Research Careers and other such programs 
suggest that it is possible to impact graduate education for 
minorities as well. 

CONCLOSION 

We have been slow to recognize the threat that is posed by 
failing to develop a dwindling talent pool — a talent pool which 
is very different erom that which we drew upon in the post- 
Sputnik years. American Indians, Blacks and Hispanics can and 
must be a part of the solution to America's need for scientific 
and technological talent. 

Tinkering around the edges will not help us maintain a 
world-class scientific and technological enterprise. We must 
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rethink and restructure the system for the production of 
scientists and engineers from pre-K through graduate education. 
What needs to be done? Two tasks are primary: 

(1) The agencies and departments of the federal government must 
find targets of opportunity around a single coherent plan. 
The final report of the Federal Wide Task Force on Women 
Minorities and the Handicapped in Science and Technology, on 
which I serve, can be a focal point for discussions of 
cooperation and collaboration which need to take place. 
Gaps in programming need to be identified and filled by the 
appropriate agency or depart?nent. 

(2) Congress must support these efforts. We would encourage the 
Congress to look at the need for legislation to support 
improved science, mathematics and technology education in a 
manner similar to the way it approached che Omnibus Trade 
Bill. The way in which legislative responsibility and 
oversight for education is currently divided does not easily 
allow for development of a coherent legislative strategy. 

We call upon the leadership of both Houses of Congress and 
the very competent leadership in this Committee to assemble 
a Congressional summit on science, mathematics and 
engineering education, to extend the dialogue and to model 
for the agencies and states the way to develop a coherent 
policy. Everyone has a part to play in configuring and 
implementing a solution. The AAAS stands ready to assist in 
whatever way we possibly can. 



- 13 - 



ERIC 





ERIC 



Figure 2. 




117 



Girls can 
on math 
students 

By SCOTT WADE 

Of Tfie Mo miiia Call ^ 

Ym, iber« ar« nialbematlcUni 
wbp i(MUid long Uouni io stuffy of- 
fleet, fccrauhlng tbclr heads and 
iMrpeoIng tiitir p^iclU Ute loto 
ibo algbt 

lUra ire aUo matbecnall* 
ctaoa who work In Tanianla try- 
ing to figurt odt how many ele- 
pbanta a puik will bold without 
tuxulDQ a vegttaUJ landscape 
Into a dcoeit. 

Mbtheinatlctaoa work oo proj* 
ecti iuch u solar beat, 
bigb ipcui magm;tlc IraUis and 
tricing oouroo pattonu lo tho 
bialo »lth the help of computers. 

Saveutb and eighth crade glrU 
from Sb acUooU In the Lihlgb 
Valluy spent yuterday at Cedar 
Crcit College at a sp&clal event 
called M;«tbCoau 'US. Cedar Great 
pro/csdOii I)r. Rcglua Brunoer 
aiidDr CLailu C^fiPmaa» aloof 
with other teiichera from the 
area, have Ucn organizing the 
event sLuce lut summer. 

Two Odllooallv known women 
malhemotidans told about 200 
Lehigh Valley studeols yesterday 
not to believe fi lends who say 

Slrls aren't good at rnath or that 
's Unpostfime to be a good moth* 
er u m\\ f>3 a good KieoUiit. 

llidy alao laid that uioet Ki- 
enct) careen /3quir« a itiong 
foundation io math — even ca* 
leera lo ''soft sciences'* such as 
biology, ecology and ecooomlca. 

Unmiier said she aod her col- 
leagues created MathCoon 'Sd to 
addieaa a declining oumber of 
American students studying for 
doctorfita lo math. Deyoud that, 
tlie boiv^d to address the fact that 
fewer th. n one io five math doc- 
tornl degrees lo Anierlca go to 
f^omeo. 



The M orning C^U 

Al lentown, Pennsylvania 

6 Apri 1 1^)89 



COMHt 

car^^rsi 
tolc! 

The two maio speakers yester* 
day were Dr. Milan Sblao yeo 
Wu. • native of Beijiog. China, 
and now a mathematician for 
lliM In New York City, and Dr. 
I.lnda Het^old, a oiuuerlcal aiu* 
lyst at l.awi\)nce Uvennoro Li^b- 
oratory In Calllorda. 

Fetrold said a numerical ina- 
lyit uses mathematical metbodi 
to solve scientific problems oo 
coniuuters. To demonstrate bow 
math can be upnlied to situations 
oormally considered outside the 
math field, Wu pre&euted a brief 
slida show oi her work io Taota- 
nia, where large elephant herds 
were ove^wh;tuii^)g i^reas ol $^ 
tuJoiutl purk. 

The scientist drew lau&ha in 
describing how a tree bad beeq. 
badly scarred by ^ r^mbuuC: 
tious lilephiut 

*'Moet of this kind of damagi 
Is dona by ttcu-aga mala el^* 
phaota; they're the rowdy buocb.** 
she said. "When the/rti crowds, 
they really start l^aocklog ireei 
down-" 

Both womeo slid advanced 
mathematics coiulsti of tltripllfy<> 
Uig lurger problems Into under- 
ilaudable formulas. 

Petzold said si '^ aod others 
use inalb formubb tn cooJuncUoo 
wltb computers that cao iave 
compauiea hundreds of bousaoda 
of dollars. For'example rather 
than building no exuensive proto* 
type of a new model of car, the , 
dutlgo can be doiie liy computer. 

She laid ooM car compaoiei 
cao aJmulate how a car will react 
CO a bumpy rojul or how poUut- ^ . 
aota cao be removed from fuel. 

"If you don't like math, doo't 
do U." said Petzold. "But U vot^ 
' do like math, don't reject it be- 
cause you ar^ftgUl." 
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BACK TO BASICS' 

Proficiency levels of students, age 13 

Scale (0-1,000) based on performance of certain standardized tasks 



col 

4-* c 



73 
C 

iS 
o 



MATH 



CD 

■ 



123 



CO 
O 

CO 



C 
CO 



'c5 

CD 



T5 

1> 



SCIENCE 



00 




Ill 

Table 1 



FtiU Hme Faculty at Research VnbfenMes, by S^cted 
Ciardcteristics, 1986. 



Deportment 


Total 
Faculty 


Female 


Black 


Hispanic 


Asian 


Engineering 
Aeronautical 
Chermca) 
Civil 

Electrical 
Mechanical 


538 
1.232 
2,017 
3.137 
2.310 


3 
34 
44 

90 
39 


K 

9 
12 
18 
11 


10 

31 
42 
33 
14 


58 
117 
228 
439 
274 


Computer 
Sciences 


1.415 


125 


11 


33 


130 


SOURCE: N»«ion»l Sdance Fwmdaloo, SRS 
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Tdhle 2 



P«rc«nt»o« of 1M2 High School QrwJuattt Who W«nt on to N«xt 
"Plp«nno*' Math«m«tlc$ Court* AHt Compltting tho Pr*vlou$ Court* 





Ptrcantagt (hat took 


Parctntaga that took 


Parcantaga that took 


Parcantago that took 




gtomatry attar 


algabra II attar 


trigoftocT>atfy attar 






passing alga bra 


passing goomatry 


















67 


55 


43 


31 




■ft3 


52 


34 


30 


Of tio— 0*nUng At or t$ on pf9r1cu$ coutm, ty mz: 








Malts. 


82 


62 




47 


F«m«l«s . . 


74 


61 


45 


41 














SO 


47 


aa 


20 




57 


55 


29 


29 




67 


54 


40 


30 


Of Mom Mm/n0 A« of ffi on prvWout coutm, by f$c*f9thnfdtr' 






Hispanic 


64 


56 


45 


40 




74 


62 


4a 


31 


Vftutt.. . 


79 


62 


so 


43 


UrhvttcHY ot $eh6<»l: 












es 


55 


30 


25 


Sv&gf^«n high school 


ee 


52 


40 


33 


Rum hlgti Khool 


M 


55 


39 


26 












^ England 


76 


76 


32 


50 


Ml<».Atl«nt:c 


64 


54 


40 


40 


Wf«t Ncrth C«ntr«J 


60 


45 


32 


9 


W«it South C«otral 


» 


62 


32 


19 














52 


41 


27 


9 


Acsdtmic 


62 


ei 


45 


30 


Voctttooal 


43 


35 


19 


11 



f »0m MfM K'tOOl Tofn*«fl1*<M 



)«M lAMiH tft« •citi«f M wfricft lA* c«wr*M «w« tai^ only tfttf tft« atv-tfAM* M 
N«l)OA« C«n<*f to* C0gc«iOM S«ati«tH». Afflt 1M«) 
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Table 3 



PtrcMlts* ol 19*a Klflh Schoot Ortdu*Ut Who W»nJ on lo N»xt 
••Plp»lln«" Scteoco CoortO AHw Compl«Mnfl t ho frvAou* CourM 

p*t.MK«th««>ok 9*K*r^ix^xooK •^"^r'f/.'isiir" 

72 39 1^ 

« - 37 3^ 

M»!«. ...... V, ^' TO 50 *0 

F#m*»«» ...... ' 

llM*%tf>nfo/ir 7, 21 ^ 

Hi»p«nlc»... ^^ 71 2i 27 

BIKK..... . 42 *0 

01 ^hi— •Tfntof A$ofB$cn pttvfouit coutm, Jr f*cMfiftote/f|: ^ 43 

Hlspw»»c, II 43 41 

BUCK.... ........ 7S 57 *^ 

WWU '* 

Urt)«ftWQhKh<»l ;* 41 40 

Su^urttn h'gh »chool ;J 35 37 
Ruf^ high Khool . . ^ 

^TfCyMKfs: 47 ^ 

NtwEoflltftd.. - — I! 49 ^ 

Mid^tl«ntic < . . . it 29 ^ 

W«tt South C«otf»l S 2S 35 
Mountain . 

G«n«ra( Jl J 44 

AMdtfliic g IS » . 
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'^Letters to the Editor 



Local mbome planned . , r ... u 

, * • • The Chronicle of Higher 

to niawanallCS crisis "Education 

ToTMiErr;oi: % 3 pebruary 1989 

In retp<Mis« 10 Edw*rd A. Con« ^ 
iior*i Opinion coiKcnUng declinlnl 
interest in mtthenutki (**AmcrkB*i 
Scientific Futura la Threatened by 
U)C Decline in Mathematical EJuca* 

• tk)A/* January II), lotiicthini b be< 
ing done to iur« the tids in this most 
serioos pcobkm facing mathematici 
educat(Ki !oda>% *• 

In EaU CettUal fennsylvania, a 
group of local adminlitrators, 
ichoolleachen \K-I2), allege pro- 
fessors, and an industry representa- 
tive heard Dr. Connor*i pleas before 
they sutfuced in p-rfnt. In May 1988 

* this group met and decided to ad- 
dress the nuth ^ftsu locally. 

On April i, 1989, ••MathConn •89'' 
will be ncid at Cedar Crest College, a 
women*! culkge in Allealown, Pa. 
On this Mathematici Awareness 
Day, leachen from approximately 40 
4!Chools In a Ave-county area will 
bring over 200 seventh* and eighth* 
grade girli to ipcnd a busy day in 
activiltea luch as those recommend* 
; s,<l in the Opinion piece. 

these ciris wiU attend group ses* 
lions led by successful wcfnen in 
math-related fields, hear two v^otld* 
" renowned women mathematicians, 
and leain about cutrent u ^ futuie 
career possibilities that requiic math* 
f matici trailing. . , * ' 
" A group elTurt can do much more 
than ui individual one. **MathCoAn 
*I9** haa come to fruition by pooling 
all the itfengtha of in nfiemberi to- 
ward the goalj of encocraging girls to 
puaue math-related caxecti and of 
piesenting matheiaatici kself ai a 

fun, vibrant, and integral pan of the 
world of today and the future. . . . 

RcciNA DaUNHia 

AsUrtMrf tit^tiUM of MalWrnUict 
•aJ Computer .Vkuci 
CcJuCfctlCoHctt 
C»<|i*k or-'M^KCo«« '19* 
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Thwarting the math crisis 



By Dr. Regina Baron Brunner 
Assistant Professor of Maihemaiics 
and Computer Science 
Codar Crost College 

In May 1988. a group of educators 
from grades K»12, school adininistratort. 
coHego professors, and representatives 
from business end irKkJStry met in a 
"bruidsiornwng" session at Cedar Crest 
College in AHentown. 1\iq outcorna of iWs 
meeitr^ Wds tlie birth of a local network In 
the Lehigh Valfoy area of sast central 
Pennsylvania. This support network has as 
its purpose the encompassing goal of 
creating in the future a math center for " 
resoaich. teaching, and learning. 

MaihConn at CCC (Cedar Crest CoSege) 
developed in response to a need in current 
sociuty to address the problems of 
today's present and future teachers and 
llM.id of today's students. The schools. ki 
cooperation with business, industry, end 
tlH) community as a wl)ola must 
encourage matherr^tical growth Br>d 
interest at all levels for the United Statos 
to upgrade its iP?:;ipmatics education 
programs. . 

iiigh technology cannot afford to 
' oveilook tt)6 )>ower it possesses to 
encoufage younnsters to plan for a career 
in muih related fields. For exornple. are 
wonitiii being used to tlKiir full potential? 
How many women are employed in 
math lelatud fields? What percentage of 
women have Ph 0/s in f ucli fields? 

MathConn at CCC lacked funds when 
started yet we began to plan a 
Matlwmatics Awareness Day for Aprfl 5. 
19a9 to b6 hekl at Cedar Dest CoUoga. 
Via our developing network, we wore 
rewarded with very strong scliool support 
bi our area. We contracted various book 
put>li3hers. and thoy also have given 
suppoit to ouf project by providing varkxjs 
gifts irvkind. 

M4tl»Conn 89 will consist of many 
varied events, fc'adi cj»l wiH take part in the 
Mary Ellon lludin Discovery ProUoin 
Session narne<l in Ihmkx of tho 
mathematics professor at Uriiyersity of 
Wisconsin Madison. Dr. f^udUi. a 
.*«J:'*'*'.»fVl'V' J9l>P!<>flw noted for abifiiy to 
construct courituroxam'pfe8.'6xatnpli5es *;V 



the spirit jf enthusiastic probtenvsolvInQ 
and mathematical fun. Also, each girt yMi 
attend discussions by successful women 
in matlvrelated careers. (lopefuXy, 
exposure to positive rola models and the 
exciting woiki of current, vft)rant 
math-related activities w'H! encourage 
interest h mathen^tics Itself and ni 
m* Vrelatad car«^rs. 

People do care and do want to help, 
but vou have to ask. MathConn 89 has 
mushroomed into a spectacuar day 
beyond any teadierV wtkfest dreama. ■ 
Ho|jefuIly. others also wiH be encouraged 
to try to turn tlwir bright kieas into reality. 
Such "gross roots" movements wiH lead 
math educators mto viable, woikeble 
solutions to address and to relieve the 
perplexing current crisis in math education. 
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Excellence in Science, Mathematics and 
Technology Education Act of 5990 

• National Network of 9 Regional Science, 
Mathematics, and Technology Education 
Consortiums 

« National Clearinghouse for Science, 
Mathematics, and Technology Education 
Materials 

• Federal Support for informal Science 
Education 
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Science and Engineering Phj.D.s 
Future Supply and Demand 
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" VAmcrico^ ge'O'ting can F in science ttnd rnorf^* Soiwihcrt? 




I GOT OFF THE 

or me« hoM^ng up a 
utn with my tume on it I was on my 
way 10 a conference of scientists and TV 
broadcasttn . and [he orsvuxers h>d lund* 
ty sent a dhver. 

"Do >wj mind if I ask you a Ques- 
tion?" he said as we watted for my bag. 
"Isn't '{confusing to have the saine name 
as LSit science guyr 

it took tnc a moment to understand. 
Was be pulhng my leg? "I am that sci- 
cfKt guy." I Msd. He smiled. "Sorry, 
fhat'j my problem k^oughtuwasyours 
too." He put cji his harvd "My name is 
Wilham K BueWey " (Wdl, his name 
wasa'i eiaaly Wtlham F. Buckky* but 
he did have the name of a contentious ^ 
TV intemewer. for which he doubtless 
took a lot of good natured nbbing.) 

As we settled mto the ear foe the long 
dnve.hetoldmehew*«(iaolvkas''that 
science guy'-^hi J so nunyquesiions 
to ask about science . WoD Id I mind? And 
sov^egotto talkirg. But not about sc'h 
cftcc. He waftJed ic discuss UFOs ."ehan- 
r^e !tr)g'(a way to hear what's on the minds 
of dc}4 people— not . ^)ch it turns out>i 
crysuJs. astrology... He Introduced each 
subject with real enthusiasm, and each 
nmc I had to disappoint him, "The evi- 
dence is cry mmy." 1 5uco(saying."Tlicrc's 
a much simpler explanation," As we 
dxove on ihiough the ram. I could see 
him getting glummer I was attacking 
not JUS! pseudoscience but also a facet 
of his inner I.fe 

And yet theie is so much in real sci 
ence th»t % equally exciting, rvjre mys 
teno^t. a greater intelteetual challenge 
--as >*etl as being a lo< closer to the 
VMih Dkdheknow. t the molecular 
build'fig blocks of life suiing out there 
in the coid, tenuous gas between the sun? 
}lad he heard of the footprints of our 
anceitofsfo-jndLi^^ruiliOn -oldvol' 
eanieaih'> What about the I. fofthe 
Himilayas when trxjta went erajhing into 
Asia? Or how viruses subvert cells, or 
the rad.o search for cxtraienestnal 
tellttence oe the ancient eiviliuiion of 
Ebla'Mr "Buekiey — well.speken.m' 
telligent. cunous-^^ad heard virtually 
not^njof modem tcienee \le*<^nifd 
10 know about science. It s just that ail 
the science got filtered out before it 
reached htm What the society permitted 




Dgnoronce of s^ence threcitens ^ 
our economic weII*l»ein9/n<itionaC 
security ami ff«e democrotio 
process* We must do bertter.' 



to tnekJe through was main- 
ly pretense and confusion. 
And It had never taught htm 
how todistingutsh real scKnce 
from the cheap imitation 

All Over Amenea there are 
snan, even gified, people 
who have a built>in passion< 
fx science. But that passion 
IS untequiied.tA recent sur- 
vey suggests that 94% of 
Amencanswe-scicniificaUyillucrate." 

A prescription for disaster. We live 
in asocteiy ex()uisi'.ely dependent on sci- 
ence and technology, in wh:eh hardly 
anyone knows anything about science 
and teehno'ogy This is aelear prescrtp> 
tion for disaster It's dangeious and sil 
ptd for us to remain ignorant about glob> 
al wamung, say. or oxone depkttoo. loxic 
and radioactive wastes. Kid ram. Jobs 
and wages depend on science and tcch- 
notogy Ifthe United States can't man- 




ufacture, at hi^ quality and 
low pnee I •products people 
want to buy, then indusincs 
will dnft out of the United 
Sates and transfer a hnte pros- 
pen ly to another part of the 
world. Because of the low 
birthrate ia the '60s and '70s, 
the Naitdoal Science Founda* 
tion projects a shortage of 
nca ly a million professional 
scientisuand engineers by aOIO. Where 
*ill ihey eon^e {eomt What about fu- 
sion . supereompuien. abortion, massive 
reduetiOAS in suategic weapons, addic- 
tion, high resolutiooTV.airlineandair* 
port safety, food additives, animal rigbu, 
superconductivity. Midgetman vs. rail- 
gamson MX missiles, g^g to Mm, 
lindingcuresforAIDSsAd oncer? Hoy 
can wc doctde naiioru] pobcy If we don't 
understand the unMyiflg luuea? 
I know that tocace and technotonr^ 
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w not }M cornucopias pounn; good 
deeds out iwo ihc wofU. Scienusts r..^ 
only CoocciNcd nuclcv weapons; ihev 
also look poltitcol Icidenby ihe lapcb. 

opened lo l»— * iavc Ofic fiiv?. 

.en tbcy arrsn^. \0 raaauLciure 
^ wO.OOOofih«m,Oart«toologyhajpccN 
djcwj ihaWonvdc. CKs. AgewOimjc, 
pcjvc gai ind mdu imci JO povxrful ihcy 
an TU in ihc c Lmai c 0 f u*ic planci . "n^re's 
a reason people afe nervous abouc sc>< 
encc »«Jt«hr.o!ogy 

Afld SOthe tnugeof the mad scientn^t 
hauniso«iwojld— fromDf ' 
Frankensfcin 10 Dr Stnnjelove lo the 

httc^oitej locnie J ofSitardfay niom- 
tnj childTs'sTV' (AU ihis docift i u>« 
"tpifc b*3«J*s scjenuso ) But there'* no 
\,ty back We can't p$t ccoclude ihj'l 
science puu too mucb power >ruo the 
•^^soJmonlly feeble iechnoJo{;M» Of 

ctde to j:«ind of » Advances m trxJi- 
<cir\e ajnd agriculture Kive saved mor^ 
iiveit>wbi>e bce-iJoiim*)! the^^-J^ 
history Advances ifttrin>poiTJiiO'i. 
commuruca 'ori rfJt>d ert'.tut n mept biv e 
tnjiifony«Jih«wv»!d Theswo>\Joi'ici- 
encc IS 4(>Mt-<^(t^ Rii>er. nts <*e- 
somc povkcf forceiCiiJIvJ -a^. 
irg poSitic»ift>. a rew rt$pcn>it.i.»y— 
nwrc atteft'K'fl to tbe tOf ^-'crm crr-^ 
"ijences of 'rcbriV^jy j nu^bal 

CSi'efterauo ' »a1 j*Ttpc^ d v e . if« ) ' ,<r i . 
»o avc^ eaiy 5??c*'^ 'o r>i'.i.'. • 
* afld Chauvimimi M"'Acs at t< 
c<>mirif •ooexpcpuvf 

Science n r jch moir ^^.^n ft b«^> ^.i 
if*-cvirle<}ie [ti-i* *4v<.*y.'f.Kifi <f v 
}sccr.'/iit0(t4*u,ces^ S.ctef'f'^*'! ^"^ 
us to let the fjcf ff' e^eo u^fni t^*. 
»VtCOf'omtoOvfr«0'-iCef*'-r- 'f 
cojftielswtocj^rr* A''cma'»\e h>?v*' 
escs in o^f beiO, af 4 re vrb "b t-ii 
match the facts It vfff^ oo ui a l r c 
iataftce between* >>K <Jv bAnre^o^vn 
Mss 10 ntw i<;c4^, b'^*cver beret.vJii. 
trd thecf>' iTrt'yKvs'kep'u J^l'i^^^.•t«^v 
of eveff'^u^j^-'Of * ♦Je4i5tfiJt'^*tli<>'' c«3 

y^t' lufldvftb ><■<! It AtrV*: It i jin 
esse ri»a» ! joH*- T ■ ' ''noc c y » a ar* t r 
cf ch.u ^« Oof lA* ? n ''CI \usi I'- tf < f 
r%.fc 'St '<*t,vH b.t »\y to rfeepc-n f jb- 



coJriwiiCficfcvki.papcrhea'j' re^ "We 
StjnJttn Science 'Lc^sthiftbaUcfall 
Arrericans know tbat the [jjrth rr --ves 
around the Sji^ -^d 'ii^ei a yew to Oc» 
tt-a fact eitib v^f^ a few cenfwx^ 
Jfttc^tsc{ '^.erji^e n yejtx o'i^im 
r.v'iVA^rldre^o-v if'CUS rarked-Jwd 
l«t ta aljiebn iiiii relent ca\ '•n 
US J^ldsa^ef3«d li\-onJ(he;rl'^ 
j"rc« <>-'OftterT'-J'^ "^^S^*" )riinyl*vk, 
?H pretty tt c< rtcf -f.**. ic>ai 
C>.orrfia>bep>>rf)i4iJ- 4^ o^itF' 
liacben ,rryte t \';u:;no.ji^c;ivl^oc» 
!3r-(l'co^didv,i ifi3tt!'?t! ,'\ 
p4/edt0yt,Dm^: i,'^iii.,;ofri';dHo'"»' 
Kjcmf.-'tresolJ Mf-cv^^eTj' rv^iv'f 
sca;e,tpd25itviC*fj.vjrjn{<<, )<tjoV^ 
krew |u4t rn,^ b <:^''n ^vtry a* a ^el'Xl 
IX Ajrtcncan h!),^b vchool seniors, luti 
theJJf sf'kC^ii''' chemistry <k wtsir, *n<l «■ 
c^ft^emm'advjrccd prcj'um^} ttf 
best of 20 fiitt '-r^1e cia^^roofri^ m 
Mif*re3?o'iswa^, atp^^edbv every oi.e 
cf 20 cJatt'oows tm Send?!, Jjpjft. ar^^ 
1*> out cf *0 tti r^ifi, Tnvwan Sv>\it^ 
Kcitat va Jem ere f3ir J^^es J of Arrer. 
lean t'u^e'.'^ in all *^^ec ' of o'at^ err^t 
ICS inj ^cieACe. .Jrd \\ ^ear ifv 
B'vti^b Co'umtjji tjft Wes'em Onada) 
oytpa.edthotU S couti^etpari»actcss 
^^.e boards (iJ^ s<>me axeat t^-ey <*td bet- 
!prth^nthsKore*"ri> Of the US i.td>, 
Si'i'sayibeydisSiVes^bo^*! cfi!yS'*of 
ete Koreans do Yet two ihjrdi of the 
Amencar>s. bot only a Quarter of the 
Kc>:ear)S. say Oiey ?.e itood at math 
ematics " 

Why we're flunV>in2J{owdoDn«i»h 
Co'urnb>a. JapSA, Dnta^n and KoreA man- 
age so much better than do"^ 

[>onn^ the Great Dc predion teachers 
er»;wyed |ob security, good saianes, re- 
spectability Teachinj was an admired 
profession, partly because teammguas 
Widely reoTO^ntied as the road cut of 




poveny Litt'e of that jstme today And 
$0 s,K.iice und other) teaehin^ is too 
ften uicompetently or uninspmrfjy 
dorse. Its practitioners. a2.ton:Shun£!y. 
bavtnj: htile or no naming in their 
5ubie*.'S— swrxtinies thenvvel vcsuna Wc 
to c.sti'^guish sctence from pseudosc^ 
er<e Those who do have the •nmin^j 
oftcnji^et hf^her-paying^obs elsewhere 
We need mo<r money for tsaehers' 
trainmg and salanes. and for labora«> 
ne«— so kids « ill jel hands on expen 
er ce rather than )ust readmj what $ m 
the book B^. all across Arnenca^schooN 
bond issues on the ballot are regutarly 
defeavcd U S paitr.y arc much met 
sa.isfied with what their children are 
learrtin; m science artd math than are, 
say, Japanese and Taiwanese parents— 
wbo« children art doinj so much bet- 
ter Noonesu^esuthaipropertyiaxes 
be used to provide for the milttary buds* 
et, 01 for agncuUtire. or for cleaning up 
lOKicwastes Whyjustedu<ation?Why 
not support It from general taxes oo the 
local and state levels? What about a spe- 
cial educaitoo tax for those i«v*.^mes 
With special rveedsfotiMhnically truDcd 
workers? » 
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and o«t of ^ da JjTOOoi. is «booi M b,x.r» 
iaf«nc«/0Vtn<lcrj .mate 33 hounV w^dT 
But mem Amcncaa kid» tftn*i ttupid. Put of the 
» icawo ihcr doa « study h»fd is that dieyV rrttivS 
f benefits When ihey do. 0)fictcncyithai 

\ .w«Krs«Adsc.e«cihejeday,doc«>-iffii^. 
incs Of »«n{c younj men in ihcij fim eitht yti^ 
wjt of h.th Khool-nuay of whom talx tcrviec^Sh. 
er than iftdujmal jobs. wwn'Kcraw. 
In the producuvc Kctori of ihe ecooomv tbouth 

example, lodanjcr of join j o« of b««nes ww be- 
cause there are no customcn but because fewcmrv. 
leveN^kmcandosimplcanthirSZ^JS^cTS 
irowescomp«yrcponsth«80ftofi«Soba{?IcaStt 
can ip*"»/y'A-rr»dcm*ihtcsi-«Adi£at-SMAmer. 
>caa . net a Korean . Hfth.^rtdc tc«. Uc Umt cd Sutca 
Urcady IS loswj some $25 biUiofl « year (mnaly in 
to« Pfoductmty and the co« of moSZ ^Son) 
because worker*, to too jitat a depte, cw^tread 
"^S^ « Partnu abouWlSw tfi^S; 

Md jctcnce they know. Now. wbilc the kids are in 
Jcbool. IS the lime for ihcm to Jcaro. Partnu mirht 
cncowatc their ichooU to offcr-«d iheir kids to 
'*l»-<<«np«htMibte.weiruughla^ 
co«rt«. Th:y mifht aho hmit the amount of mind- 
wmbinj TV their Children watch, 
f l^^i! ""^.^^f inAmericawiththe moil 
favorable view of science tend to be yount . well to. 
; do. collcte^ducated white mal». But thrcc-ouarter? 
of new Amencan worker* between 00* and 2001 well 
• women . noowhite* and immipmij, Discnm:nat. 
I U^mt^monlcnJyunjuji.ksalsoielfKJcfcatint. 
> ,.f,'^^*^*A««^«n«onomyofdttiwa:ctynec^ 

BlackandHispamcWKtewsaredotftjbcRerinitand. 
ardircd science tesu now than in the late 1960s bui 
they fc the only one* who are. The aventc maih tao 
between white ar>d bJack U S. hi^h school eradualS 
IS still hute7-{wo to three fifide levels; but the eao 
between white U.S. hlfh school padimca and thoiS 

^V!^^" M " motivated 
and poorly educated, vcu ww't know muA-nomys- 
tery here. Suburban black* wuhcolleee-edueatcd Mr- 
ew doiust as weJI in coJIcte as subofban white* iiu, 

H?^f l,'*'*"'*'^ « pocf child tn a 

Head Siart pr^jr,m double* his or her dunces to be 
wpk-ycd later in hfe: one who compiles an Upward 
Bound protom i s four times as likely to tet a collcte 
eiocaiion. |f ueVc seriouj. we kno!^ w5i to do 

iboyjcoIIeieandunivenity'TTjatarrobvi. 
o«» s'epi simiUr to whit should be do« inhithschooJs^ 
salancs for texher* that .T>proach what they could 
pi m mdtfstry: more scholarship*. fcIIowshU and 
i*bor aiory equipment: laboratory science counes fc* 
K, Rraduaic: aM special anention 

Mid to those traditioftily steered a wayfrom science 

uSi S^E to spend more 

^mc 00 public educaiioft-lcctures. ne«wwpcr and 

/ «» «o m.kethemietve* understandable and fun to 
^fciinn^.^J^^"^ fundrngfortheirrcsearch. arc 

So^unatHr;.!'^ ^ ^^"^ i» ^" 

SiJh wi^R "J^L*"^ capably-has been incrfi*. 

iitmStv ?«f '^^JPJPW in America has a daily 
♦strolof V column. Hor, »«y h^^c a daily icKncf 



^uran' When I wa* ^ic^^ing up. my 'iihei sv«i*J 
bnnt home a daily paper and consume (often with 
pat tuHo) the baseball box score*. Ucrt Sjcv were 
tome dor as dust, with obscure abbttviatioo* i W. SS. 

*trcn I too hard for me. Evennially I coo tat cauiht 
«pbtbcwofldofbaseballstatmK*:(|bi^,K 
me la fearmat decimals, and I *uU dinje a htUc >vhcn 

^ ''^'^y P'»y" '» one.) 
ic^^a ^ ".'^ Any introduc 

^^^IfK^'"^ '^'^^ Oefwitiofls of 
abbctviationj?Nooe. It * smk or swim. Look n those 

m socJKc IS tele vision. Theft s lot* of pseudoscience 
i^ywytw^H^ and lechoolof y. but 

wcrcial network*, whose executive* think *ciaK«roi 
Pimminx mean* raiisKS decline* and lost profit*, and 
«*J>« else manen. Why in all AmerkaVs thwno 

TV.drama that ha* a* ,u hero ttxneooe «ivwS to 
o«t how the Universe wor k«7 

^ ywnjsterj, Vk number of *oenc« Ph D « 
Mxd around the tone o, the Apollo promm and dc' 
dwSSf ^* ™* •* 'm^rtantpSS^iSwS, 
^5«<«ductmtSupercolWerto explore the fine stnie- 

, ^^r? M»en. 1 m lucky enouih to iMth • 

c^ukmdertartenprthefirstrS 
JJdrea are cunous. intetJtaually Wf orous «k o«! 
vocative andinsrthtfulquestionsiSKVtre^^^ 
Wn. ^sc«nce. When I talk tohiS 
«««. I find jomethuif different, T7«vWmftr7<^ 

Webchiadthosefacu.basjoneoJtoftbcm "iBcvVc 
M)rT»edabo«atbne-dumb"questiOM'tKv-rew^^^^ 
toaecep<iaadequate,m,*,rsf^y'5S;.'^^^ 

vpq^Ktions:theroomis.>.ash^4sideE^|^K 
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' »oj«d5e,*ccoftd«by»»«cood. the ipprov 
iJ of (hetf p€trt, Soflxihiot h*i hip- 
|)enedbctwetniim»«J I2ih tf»dc. arxJ 
tCtau yai pubeny. I'd {ue&s ih^t u*t 
partly peer prtuure ikx io excel (except 
m sporu); putly (hai ihe society leachet 
ibort-tam tr»ufic*t»oo; panly ihc Im. 
preukn diM WKsce or Duib won't buy 
you a spom cat; pinly that so link it 
cxpccuid ci( ujdcftts; ind ponly (hit there 
arc 10 few role mo<kh for irtKlIttem 
ducuutoo of &cicoce and leehnoloty or 
for IejiiTU8|^ for lU vwn ukc. 

But there's sooncthin^ else: Miny 
adulu are put oiT ^htn younssters pose 
seienunc qucstMos. Children isk >hhy 
the Sit) is yellow, or >vh« 1 dretmis. or 
bow deep you can di^a hole, or when is 
•he *crtJ'» binMay or *tiy we have toes w 
loo nuny teachers trtd parents answer 
widi imtaoon or nd«ule. or <^»cUy move 
on to socnctftifiK ehe. Why adults should 
prctendiooRinisciencc before a5>ye ar- 
oM.Ican'tforLSclifeofmcundersttAd. 
What's wrong with adrmnint that you 
don't know? Qnldren soon recotmze that 
somehow this kind of question annoys 
many aduhs. A few more experKnces 
Lke this, and anochc I e hsid has been lost 
to science. 

There are many bcner rtspomes. If 
we have an idea oi the answer, we could 
try to explain . If "^t don'r, we could |o 
10 the encyclopedia or the libraiy. Or 
we mttht uy to the ehild:"! don't know 
the answer. Maybe no one kno>*-s. May* 
be when you (row up. yov'II be tr.< ftrst 
10 find cot." 

mere enteura^ment un'l cnouth. 
We must also tive ehildrcn the tools 
winnow (he ^iteat fiom the chaff. I'm 
hauDted by (he vision of a teneraiion of 
Amcncans unable lo distinguish reality 
from fantasy, hopefully elutehiflt (heir 
crystals for comfort, unequipped even 
CO frame the nght qvestiont or to recos* 
size (he answcn. 1 want vs to rescue 
Mr. "BucUe/* and (he millions like him. 
I also want us to stoptununt out leaden. 
incuiy«s.l .^nasinativchish school sen* 
ion. Ithink America needs, and deiervci. 
a emzenry with minds wide awake and 
a basic enderstandint of how the world 
«-orks 

Public undeisundint of science is 
more central lo our national tecvmy than 
half adozenstraiepe weapons systems. 
The submcdiocf e performance of Amer- 
ican y«)tt(sters in science snd maih. and 
the widespread aduli ignorance and a pa. 
thy aboutscienct and math, should sound 
an urtem alarm. q 



CattS^ton itachtt onddctt teseoteh 
at CotHcll Univttsity IHs Emmf end 
Feabody Award wtMu\i TVutettCf sr. 
'hi COSXfOS f>oi t<en sten in more 
than 60 coiinstkt bt 400intUion pto^ 
pit. Videocostttta cf all IS tptMdcs mit 
be available in uoret later lbs year from 
TumefllomeEiaettainment.Theeecom' 
panpnt ^ooJ^. 'Cotmot." Is t** bes''. 
telhnt science book ever puNnSed i4 
the £>i|/ijA laniuate. 
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This statement describes the HATHCOUNTS program, a national 
math competition for seventh and eighth grade students designed to 
increase students* interest and ability in matheraatico and to 
heighten public awareness of the i*>portance of math. The National 
Society of Professional Engineers (NSPE) is pleased to submit this 
statement to the Senate Committee on Governmental Affairs for its 
hearing on U.S. science and mathematics education. 

NSPE is an interdisciplinary society of 75,000 engineers and 
engineering students in 535 chapters and 5^ state and territorial 
societies employed in all technical disciplines and aU areas of 
practice, including education, industry, government, private 
practice and construction. 

The need for improvements in U.S. math and science education 
has been well documented. In math skills. American students trail 
dlscouragingly othind their counterparts in other parts of the 
world. If the United States expects to be a ^strong leader in the 
global economy, it is critical that we start now to ensure a 
technically qualified work force. To do so, we must challenge all 
aspects of our educational system, from curricula to teacher 
training and compensation. 

Sitt larly, we must find innovative approaches to nromote math 
and science as exciting and challenging experiences that lead to 
rewarding career opportunities. HATHCOUNTS was created in 1983 in 
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response to the declining level of math literacy in America. As 
noted in 1983 by Ronald Reagan, "We must create a new awareness in 
our young people to meet our country's technological needs of today 
and tomorrow. We need mathematicians, scientists and engineers. 
Programs such as HATHCOUNTS can heip to encourage our young people 
to develop their math skills.** 

Analogous in concept to the national spelling bee, HATHCOUHTS 
is a national seventh and eighth grade coaching and competition 
program that fosters enthusiasm and prestige for math achievement. 
The program's success has been possible through the thousands of 
corporations, individuals and foundations that support the program 
at the local and state levels. HATHCOUNTS has received two 
presidential citations as an outstanding private sector initiative. 

It is the first nationwide program of its kind, combining the 
efforts of education, business, government and the technological 
community to promote math o^cellence among Junior high school 
students. HATHC01)KTS is a cooperative project of KSPE, the CHA 
Insurance Companies, the Cray Research Foundation, General Motors 
Foundation, the National Council of Teachers of Hathemathics and 
NASA. 

The program h^ s three primary objectives. 1) to improve the 
quality of math education and to broaden mathematics curricula in 
seventh and eighth grades throughout the United States; 2) to 
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elevate the prestige associated with achievement In mathematics; 
and 3) to Increase awareness among parents, educators and the 
general public of the Importance of mathensatics In our 
technological society. 

The program builds skills, promotes strategic problem-solving ^ 
and brings students together foi a lively exchange of njathematlcal ^ 
ideas through competition. MATHCOUNTS is directed at students at 
an age when they are formulating attitudes about math and f 
technology— when they can still elect to take college math courses 
In high school to prepare them for future technical careers. 
Through MATHCOUNTS, parents, educators and the general public all 
are made aware of career opportunities In math. 

Today, MATHCOUNTS programs exist In all 50 states, the 
District of Columbia, Guam, Puerto Rico, the Virgin Islands, the 
Department of Defense and the State Department school system. Each 
year, 7,500 schools nationwide— twice as many since 1983— register 
to participote in over ^50 local and state competitions. Since the 
program began, over 3 million students have been Involved In 
MATHCOUNTS. We owe this success to the commitment of MATHCOUNTS 
sponsors and the enthusiasm and hard work of more than iStOOO 
volunteers. 

The compeUtion phase of MATHCOUNTS begins In the schools in 
the form of a qualifying test. Students are coached in everything 

^ 





fron basic arithmetic skills to . logic, probability and 
statistics, linear algebra and polynomials. Bet'^een September and 
the national competition in the spring, students and teachers work 
together in quizzes and irills to develop teamwork and ski'*^. They 
are then ready to advance to regional and state competitions which 
could lead them to Washington, D.C., and the national math finals. 

The MATHCOUNTS program is cloi ly tied with the National 
Council of Teachers of Mathematics (NCTM) in development of program 
materials. Each September, teachers at thousands ot part-icipating 
schools receive a MATHCOUNTS handbook which contains study guides 
and practice drills. These tnaterials include the most recent 
developments in math education. Question v;riters are experts in 
math and are chosen by the NCTM. Each year MATHCOUNTS selects a 
special topic that usually is not taught in Junior high school, 
such as transformational geometry and probability, which gives 
St .dents an opportunity to explore subjects to which they .ould not 
normally be exposed. 

The MATHCOUNTS program allows students to be identified as 
"wJnnerc^" in an academic event. Competitors are referrtu to as 
"mathletds," and, as in sports programs, individuals and teams 
receive trophies, plaques or certificates at all levels of 
competition. Winning students and cob les travel free to the 
national competition. An exciting pare of winnn.s ^t the national 
level is an expense-paid trip to view a space shuttle Ivunch. 

5 
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Through publicity, cocimunity involvesent and a broad base of 
participation, MATHCOUNTS increases public awareness of the 
importance of math. Major sponsors and NSPE chapters cooperate to 
publicize HATHCcUNTS across the nation. As a result of these 
efforts, several governors have declared a "MATHCOUNTS Week" in 
their states. In order to reach the cost students, MATHCOUNTS is 
available to all junior high schools, regardless of their size or 
financial status. There is no registration fee for schools or 
students, and coaching materials are provided at no charge- 
Perhaps the best measure of KA'HCOUSTS' success is to hear 
directly from those involved in the progra;::. Teachers consistently 
report that co-.f idence-building is one of the greatest benefits of 
MATHCOUNTS. Students who norcally tsight not receive attention for 
their cath achicve-^ents are rewarde^l for success m math J^JSt as 
athletes are recognized for excellence in sports. An important 
?3pect of tne progras is that all students benefit from the 
coach. ng sessions, not just .^---^ who are lil:ely to compete. 

Still a relatively young program, MATHCOUNTS is committed to 
helping reverse the declining level of math achievement m the 
nation's schools. The first mathletes of six years ago are now in 
college. We are beginning to track these students to determine 
their career paths and the impact MATHCOUNTS has had on their 
choices. 
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MATHCOUfiTS will focus increasingly on the developaent of 
ninority incentive programs, particularly in inner city school 
systeas. Recognizing that the majority of students who enter nath- 
oriented careers are male, MATKCOUNTS makes a special effort to 
invol.e more females in the program. In many states, members of 
the Society of Women Engineers conduct HATHCOUNTS coaching 
sessions. As role models, these women encourage girls to pursue 
math-related career? HATHCOUNTS also will focus more on the 
development of coaching workshops to help teachers get the most out 
of MATHCOUN'TS' programs and materials. 

The United States cust have a technically competent work force 
to succeed in today's international marketplace. As noted in 
Workforce 2000 by William 3. Johnso.. Arnold H. Packer, "Very 
few new jobs will be created for those who cannot read, follow 
directions, and use mathematics." To this end, we must make 
improvements now m math and science education. By focusing on the 
fun of learning math, MTHCOUNTS Is striving to do its part. 
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NSPE MISSION 

TO serve the public, the profession and the NSPE membership. To 
advocate the application of engineering knowledge and skills in the 
public interest and in accordance with the highest ethical 
standards. To influence technical policy. To foster public 
understanding of the role of engineering in society and the 
licensing of engineers to protect public health, safety and 
welfare. To promote the professional, social and economic 
interests of NSPE's individual members. 

o 
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